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The piirpo^^c of this Imk)!; is to sup])lva chanand for a treatise 
on the subject of cottonseed whith should deal not only with the 
extraction of tlu' oil from th(‘ seed, but with iIk' utili/ation of the 
])roducts of th( seed as will. With this purpose in view, this book 
is si'jbmitled to a dienti'le ^\hi(h iniludes the te(hni(al student, 
tjie practical man in the fat ainl oil industrii's, the ( oltonseed-oil 
miller and, last but in nowise least, the consumer of the products 
of cottonseed. 

The* rise of the cottonsird induct r\ during; the past tw'o decades 
has been a phiaiomenon amoin^ pluaiomena that have made the 
United States tin* j^remn’r industrial nation of the world. It has 
dotted the South from the Roanoki* to the Rio Grande with biS* 
sc’j^arate mills utilizing in an intrii'ate and costly manufai turing 
process what forty velars ago wais a nuisani'e that reciuirial for its 
control the enactmemt of Ic-gislation. 'The caonomic significance 
of this injection of industrhil blood into the amcmic vi'iiis of a l)ody 
laid ])rostrate by a great internca ine struggle, does not escape the 
student of social conditions. 

Our interest in this book, however, is confined to tlm ])rodiKts 
obtained from the scaal of the cotton-plant; how^ they are made 
into saleable goods of great value, and how' these in turn arc- used 
in the production of other goods essential to human sustenance 
and climfort. 'Tliese products, like- all others that rise to compete 
with similar onc-s already in use, ha\e run the- gauntlet of suspicion, 
recognition, and adoption. 'Fhey ha\e been compelled to mas- 

+ \ ( .in\ .iss In- in. Ill (»f tin- < <)lt('tis('(‘(l-<»il induslri n-\('.ils tho fart that C)! ( oiton- 
oil nulls rcginiud srrd of ihr ^^low th of Hull. lo. Iturr.iu of C'unsus. 
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qucradc, and to fight for recognition; and recognition having been 
obtained, the industry has been subjected to restrictions through 
legislation to limit the use of a product based on merit and native 
value. 

In the preparation of this book, tribute has been levied upon 
reports of the XIL Census and upon numerous publications of the 
Divisions of the Department of Agriculture. Analytical data have 
been used exclusively from these sources and to that degree are 
authentic and reliable. The Report of the Commissioner of Agri- 
culture of North Carolina for 1903 has contributed matter relating 
to the feeding and fertilizing value of cottonseed and their products. 
For illustrations of machinery, credit is due to the Cardwell Machine 
Company of Richmond, Va., to the Planters’ Compress Company 
of Boston, Mass., to the E. Van Winkle Gin and Machine Works 
of Atlanta, Ga., to the Continental Gin Company of Birmingham, 
Ala., to the Stillwcll-Bierce and Smith-Vaile Company of Daytoi)^ 
Ohio, to the Foos Manufacturing Company of Springfield, Ohio, 
to the French Oil Mill Machinery Company of Piqua, Ohio, to the 
Hersey Manufacturing Company of Boston, Mass., to the Lobee 
Pump Co., Buffalo, N. Y., and to Houchin and Huber, Brooklyn, 
N. Y. 


L. L. L. 
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CHAITKK I. 

THK COTTON-PLANT. 

The Plant. Gcopjraphical Distrilnition Area of Cultivation in the United 
States. The Fibre Ciinninj; Baling. The Seed 

. To the technical student of (ottonstaal })r()(lucts, and especially 
to those who are chiefly concernt'd with their practical utilization, 
interest in the plant that hears tlu* seed involvi's aj)plication to 
a remote province of work. Likewise^ the art for which the plant 
is primarily cultivated is, in its intricv'uy, extent, and numerous 
branches, ef|ually remote. Our |)resent interest in the cotton-[)lant 
is confined to its function of ])earino an oil-j)rodu( iiyc^ seed and in 
nowise includes the utilization of the fibre with which the seed is 
covered. Wherever the ])lant is cultivated sc'cal is produced, and 
from the seed may l)e c'xpressed a valuable oil. Our interest in 
the subject of its ^eot^raphical distribution and area of cultivation 
is chielly from the standpoint of ])resent and prospective supplies 
of seed and oil. 

The Plant. — The cotton-plant in a state of nature is a perennial 
shrub growing to a height of 6 to 8 fc'et, but in cultivation it is an 
annual or biennial 3 to 4 feet high, with main stem erec t, with smooth, 
graceful, slc*nder, sj)reading branchc's bearing three- to fi\e dobed 
leaves. On })lanting the seed is drilled in rows about four feet apart, 
and as the seed si)routs, the j)lants are thinned out to about a foot 
apart. The earliest planting occurs in southern Texas Afarch lythe 
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first blooms appear May 15 ; the first bolls o])en June 15 ; picking com- 
mences July 10. Corresponding time elapses in the same intervals 
of the development of the plant in other sections of the cotton belt. 
Thus, in northern Georgia seed is planted April 10; first blooms 
appear June 20; first bolls open July 20; picking commences 
August 20. The picking season averages 100 days in duration. 



Fk.. rotton-pl.int. 

An ordinar)^ hand will ])ick at least 100 pounds of cotton per day. 
The cotton-plant is much subject to the depredations of insects, 
chiefly the cotton-worm, boll-worm, and Mexican cotton-boll weevil, 
which inflict enormous loss, as well as to diseases due to physio- 
logical causes, fungi, and worms. 

Geographical Distribution.— Cotton in its several species and • 
many varieties is a product which belongs to all tropical countries, 
for the plant has been so widely distributed and has been in culti- 
vation so long a time that in many of these countries it is considered 
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Indigenous. Spon gives the geographical ])arallels between which 
cotton is usually cultivated as stretching in varying girdles between 
36° north latitude and 36'^ south latitude, though Kvans * places 
the parallels at 40° or more on either side of the e(jualor, or to the 
isothermal line of 60° Fahr. In the United States 37"^ north latitude 
about represents the limils of economic growth. On the accom- 
panying map are shown the regions of cultivation of [)resent economic 
importance. (See frontispiece.) 

The Fibre.— The lint, or tibre, of cotton is the seed-hairs which 
are found in the ])oint, or boll, of the plant after maturity. The 



I'K. 2. Colton on the Seed. 

value of tlie lint dei)ends upon the length of these seed-hairs, and 
this is known as the “staple.’' Naturally the “short staples” are 
of less value than the “long staples.” Ui)land cotton, which forms 
the greater part of that grown in the United States, is an example 
of the former; sea-island cotton, of the latter. vSeen longitudinally 
the fibres# of cottc^n appear cjuite inde[)endent of each other; they 
are Hat and more or less twisted, like a corkscrew. Long staple 
varies from i to inches in length; short staple, ^ to J inch* 
Pdg. 2 shows the staple carefully smoothed out to show the seed; 
naturally the libre is in a conglomerate mass about the seed. , 


* Bull. 33, V. S. Dept, of Agr. 
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Area of Cultivation in the United States. — In the United States 
the upland-cotton belt extends from southeast Virginia to Texas 
and its distribution is mainly between the tide-water district and 
the foot-hills of the Appalachian mountain system. The deep 
alluvial soils of the Mississippi Valley favor extension of cotton- 
growing much farther northward, from the sugar district of south- 
ern Louisiana to the southern border of Missouri, including most 
of Arkansas and western Tennessee, while the higher elevation of 
central and eastern Tennessee limits culture and diverts sharply 
the line of limitation around the foot-hills of northwestern Georgia’. 
Fifty years ago Mississippi, near the then western border of cultivation, 
had suqjassed other States and produced nearly one-fourth the 
product; now Texas, on the extreme west, yields one-third of the 
crop doubled in volume. Except a very limited area in Virginia, 
Kentucky, Missouri, and Oklahoma, cultivation is mainly con- 
fined to suitable and comparatively limited districts in North and 
South Carolina, Georgia, Florida, Alabama, Mississippi, Tennessee, 
Arkansas, Louisiana, and Texas. 

Ginning. — Prior to the invention of the cotton-gin by Eli Whit- 
ney in 1794 the separation of the seed from the lint cotton was so 
difficult as to limit the cultivation of cottgn. This separation o' 
the seed from the lint had to be done by hand, a task being 4 j)ouiKh 
of lint cotton per week for each head of the family, working at nigh 
in addition to the usual field-work. Thus it would take one persor 
two years to turn out the quantity of cotton contained in one average 
standard bale. One machine will gin from three to fifteen 500-pounc 
bales per day, dependent upon its power and saw capacity. While 
several machines had been inventeel for the seeding of cotton, it wai 
reserved for Eli Whitney to inaugurate, by his invention, the era 
which was to perfect the industry of ‘‘cotton-ginning” and revolu- 
tionize the culture and commerce of the staple. 

The primitive saw-gin was operated by hand and was of necessity 
exceedingly limited in capacity. The first very substantial advance- 
ment, resulting from years of research, was the horse power attach- 
ment for ginning and baling, which brought the old-fashioned cotton- 
ginnery and screw. The motive power for this ginnery consisted ol 
two'; four, or more horses or mules. The cotton was hauled in wagons 



Fig. 3. — From Semple’s “ American History ami its Geographic ^ onditioiis ’’ By permission of Houghton, Mifflin <Sc Co. 
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to the gin-house, unloaded by hand into bins, carried again by hand 
to a platform, and thence fed by hand into the gin. By the old- 
fashioned ginnery and screw the lint cotton was blown by a bmsh 
from the saw-gin into a lint-room, where it was often allowed to 
accumulate, awaiting a rainy day or other opporiune occasion for 
baling. It was then conveyed in baskets or sheets to the single 
press-box of the old “wooden screw,” w'hich was located some 30 or 
40 feet from the gin-house. There it was dumped into the box and 
trampled by foot until a sulTicient (juantity was inclosed to make a 
bale. By means of a horse at the lever or wing of the press the 
follow-block, upon which the screw was pivoted, was forced down 
or up, as the case might be, until the desired bale density was 
attained. Jute bagging was generally used as a wrai)ping, and 
the shape of the bale was preserved, at first by the use of rope, and 
later by means of iron bands, called “ties.” 

A few of these “landmarks” are yet found throughout the cotton 
belt, though they are now curiosities. Tt i^ scarcely necessary to 
say that this old method of handling cotton at the gin was exceed- 
ingly laborious, wasteful, and unhealthy, and that nothing l)ut 
cheap labor and high prices for the staple allowed it to continue 
as long as it did. 

Much time, labor, and money have been expended in efforts 
to combine ginning and baling plants, to the end that greater speed 
might be gained, labor economized, and other desired reforms 
attained in handling seed cotton. The outcome is automatic gin- 
neries, practically doing away with labor, and yielding from five 
to ten times as much lint cotton per day as was possible by the earlier 
processes. 

Fig. 4 shows a section of a modern cotton-gin through the saw Z), 
mounted on the saw^ cylinder C. E indicates the grating through 
which the teeth of the saws project \ to ] of an inch and grasp the 
seed cotton fed into the seed -box A. The saws, shown in per- 
spective in Fig. 5, make about 250 revolutions per miifute and 
impart a rolling motion to the mass of seed in the bo5c /I, from 
which the fibre is cut by the saws and from them removed by a 
brush, shown in perspective in Fig. 6, and mounted on the shaft J 
The feed of seed cotton is directed to the outside of the mass of 
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seed lying against the saws. Cleaning of the seed is regulated by 
the n:ovable iron ])latc d/, adjusted by the serew N. The brush 
revolves \er}’ rapidly (1200 to 1500 revolutions per minute) and 
throws the cotton with aid of air-current into the condenser in the 
rear. (Sec Fig, 79.) The condenser consists of a rc\olving cylinder 
of wire cloth u])on which the lint is collected and delivered in the 
form of a sheet. The sml when satisfactorily delinted are dis- 
charged in front and detlected into storage-bins. 

A modern ginnery, shown in Fig. 7, containing four gins of 70 saws 
each with a double scpiare bale press and suction apparatus attacjied 
requires an 8o-horse-])c)wer engine. Such a ]jlant in constant oper- 
ation will }ic‘ld from .jo to 60 balers of c'otton per day. Tlie wagon, 
loaded with s('(\l cotton, i'. clri\en under a Hexible slip of a joint 
pipe, and the cotton is drawn u]> by the suc'tion c reated bv an cwhaiist- 
fan which is connected with the rear of the vacuum sej)arator and 
cleaner. By this separator and cleaner the dust, sand, and leaf 
trash are sifted and drawn through by suction, and thus freecl from 
impurities the cotton is con\eyed through a distributer to the auto- 
matic gin-feeders. After tilling all of the feeders the sur])lus cotton 
falls out at the end of the automatic tube and dro])s iqjon the iloor or 
into a bin. When the cotton is all out of the wagon or l)in, as the 
case may be, the ginner, by means of a simple* lever, causes the* suc- 
tion to change from the direction of the wagon to that of the overllow, 
and the overflow cotton is conveyed to the gin-feeders. From all 
the gins the cotton is conducted by a flue system to a condenser, and 
fed into one box of the self-packing revolving double t)ress. In this 
way lint is ginned into one box while the bale is being pressed out 
of the other. Thus the cotton need not be touched by hand from 
the time it leaves the wagon or bin until it is delivered, a perfect 
bale, upon the platform where it is loaded ready for market. 

Thus from the “hand seeder,” yielding about 4 pounds of lint 
cotton per week, advance has been made to the saw-gin, which, 
with a 40-saw capacity and horse-power, yielded about 2000 pounds 
per day, and finally to the complete battery ginnery, cairying in 
some instances as many as fifteen 70-saw gins, operated by steam 
and having a possible cajiacity of 150 bales, or 75,000 pounds, in 
twelve hours. The condenser and automatic press feed have super- 
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scdccl the old “wooden screw.” The laborious handling of the 
seed is avoided, it bein^ blown either into a distant seed-room or 
into the waiting wagon of the owner. Tn this way the life and value 
of the seed are ])reserved in conformity with the recjuiremenls of 
the oil-mill. Thus the arduous labor heretofore attached to the 
cotton ginnery has been wonderfully reduced, and life, limb, and 
pro])erty marvellously ])rolected. 



Fig. 7. — Modern Cotton-ginnery — S<iuare Bale. 


Possibly no invention ever caused so ra])id a development of 
the industry with which it was associated as that brought through 
the saw (otton-gin. In 1793 the exportation of cotton from the 
United States wxis 487,500 pounds, or 975 bales of an average wxdght 
of 500 pounds. In 1794, the year in which the Whitney gin was 
patented, the number of ])ounds of cotton exported from the United 
States A'as 1,600,000, ecjuivalent to 3200 bales of a 5oo-i)ound stand- 
ard. This large jiroduction so frightened the cotton-farmers, in antici- 
pation of an overproduction of the croy), as to cause them to pledge 
themselves to desist from its production. One of these farmers, 
looking upon his crop gathered for that year, exclaimed, “•! have 
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done with the cultivation of cotton; there is enough in that gin- 
house to make stockings for all the people in America.” And yet 
within one hundred years, 1800 to 1900, the production of cotton 
in the United States has increased from, approximately, 80,000 to 
9,345,397 bales, 5oo-jH)und standard. 

Baling. — The art of pressing cotton lias jiresentcd to inventors 
unusual (lifficidties. Among the recent and more economic methods 
of baling cotton is ilie introduction of a bale of uniform si/.e and 
weight, -and possessing greater density. With many of those who 
advocate the square bale there is a belief that the density of tliat* 
package may be so increased as to avoid the ])resent necessity of 
recompression. Already inventions have been made ])romising 
this result, but none have as yet come into general use. The jires- 
ent accepted square bale of commerce is 54 inches in length, vary- 
ing in breadth from 24 to 27 inches, and jiressed down to a thick- 
ness of 28 to 30 inches. 

Out of the efforts to devise superior systems of ])reparing lint 
cotton for market have come a great number of inventions for pro- 
ducing packages of various shajies and weights. But of the scores 
of presses invented during the past five years for baling cotton in 
cylindrical form there have been only two put into practical operation. 
One of these is called the Bessonette, or Round Lap, system. 
By this system the lint, as it comes from the gin, is blown into a 
storage-rcserv'oir and bat -former, where it is converted into a con- 
tinuous bat of even thickness, and wound around a cone under a 
pressure which, light at first, is gradually increased automatically 
by two rollers operating at opposite sides, until the bale attains its 
full density. By this steady exertion of an even pressure gradually 
applied to all the cotton in detail, bales are produced 22 inches in 
diameter and 35 and 48 inches in length, weighing on an average 
370 and 425 pounds res[)ectivcly. The bales require no further 
compression, as they possess a density of 35 pounds per cubic foot 
as compared with a density of 22.5 pounds in the old compressed 
square bale. This package is self-containing, holding its* form and 
density by adhesion of fibre to fibre and layer to layer, thus avoid- 
ing the necessity of iron bands to preserve its shape. The first 
round-lap-bale press was set up in the United States in 1894. Its 
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product was much heavier than the present bale, reacliing as great 
a weight as 500 pounds. 

Another round-bale process which has come into practical use 
is known as the Lowry system, and coiihibts in feeding the lint cotton 



Fig. 8.— Bessonette Press— Cylindrical Lap-bale. 

loose from the gin into a tube surrounded by a cap-plate with a 
number of slots therein radiating from the centre to the circum- 
ference. The bale is first started in the tube by packing cotton 
therein by hand. When this is done, and a relative revolution of 
the cap-plate and tube is established, the loose cotton thrown on top 
comes in contact with that inside the tube and is drawn in through 
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the slots, and the bale is thus built up endwise. In the Bessonette 
system pressure is at)plicd from end to end of the bale at two points 
along the outside circumference, while in the Lowry system pressure 
is applied only to the end of the bale. The bale turned out by the 
Lowry press, in its earlier history, like that of the Bessonette press, 



Fig. 9 — I>owry Press— End-packed Cylindrical Bale. 

reached a weight of 500 pounds, but with this press also there has 
been a gradual tendency toward the lighter-weight package, until 
at this time the average weight of the bale of its new pattefn is but 
2^0 pounds. The bale is of uniform size, 18 inches irf diameter 
and 36 inches in length, and possesses a density of about 45 pounds 
per cubic foot, against 22.5 pounds attained in the compressed sej^uare 
bale. ' 
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It is interesting to note that this press is being advantageously 
employed for baling hay and other fibrous commodities. There 
have been also more or less successful exj)eriments in ginning cotton 
with the device, converting the press into a roller-gin. Its successful 
cotton-packing history may be said to be confined to the past three 
seasons.* 

The Seed. — If a very immature boll be cut transversely, the cut 
section will show that it is divided by longitudinal walls into three 
to five divisions, and the seed will be shown attached to the inner 
angle of each division. The seed retain this attachment until they 
have nearly reached their mature si/e and the growth of lint has 
begun on them, when their attachments begin to be absorbed and 
by the increased growth of the lint the seed are forced to the centre 
of the cavity. The develo))ment of the fibre tommences at the end 
of the seed farthest from its attachment, and gradually spreads over 
the seed as the process of growth continues. The iirst appearance 
of the cotton fibre occurs a consivlerable time before the seed has 
’ attained its full growth, and commences by the develojiment of 
cells from the surface of the seed. These cells seem to have their 
origin in the second layer of cellular tissue and force themselves 
through the ejiidermanaver, which seems to be gradually absorbed. 
The length of the fibre \aries considerably on different parts of the 
seed, being longest at the crown and shortest at the base. Each 
boll contains from 32 to 36 seed. 

The seed are almost hidden by the tuft of white fibre which 
covers the surface. They are irregularly egg-shaped, from 6 to 
9 mm. long and 4 to 5 mm. broad, 'bhe thick seed-coat is filled 
with the coiled embryo, which i> sprinkled with brownish resin- 
glands easily seen whth the naked eye. 'I'he cells composing the 
embryo are iilled with droi)s of fat and other matter. The seed 
contain about 20 ])er cent, of oil, w'hich for hundreds of yc‘ars w^as 
wasted, for the seeds ])roper were ihrowm aw'ay after stripping off 
the fibre. It is only within the ])resent century that they were con- 
sidered of any value except for planting. 

The ejuantity of seed pioduced is determined by multiplying 

Report on CoUon-guimng, June, 1902. XII. Census. , 
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the number of pounds of lint cotton ])y 2, it bein^^ an authenticated 
fact that seed cotton on an average “thirds itself” at the gin. That 






Fig. io.--Br.iiich of Cotton plant Bearing Bolls in Various Stages of Development. 

is, one-third of the seed cotton’s weight before it is ginned is lint 
cotton, and the remaining two-thirds seed. 

TJie types of cotton grown in the United States produce two kinds 
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of seed, viz. : ])lack seed, from sea-island cotton the limited growth 
of which is confined chielly to the islands and shores of South Caro- 
lina and Georgia to Florida, from which the sta])le is easily removed; 
and green seed, from upland cotton, to which the staple firmly 
adheres, making reginning necessar\, and which constitutes more 
than 99 per cent, of the total cotton crop. 



Fig. II. — S<jUcire .ind Cylindrical Cnttoii bale. 



CHAPTER II. 

THE COTTONSEED INDUSTRY. 

Historical. Statistical. 

If there is one aspect more than any other that characterizes 
modem commercial and industrial development, particularly as 
we know it in the United States, it is the utilization of substances 
which in a primitive stage of the development of any industry were 
looked upon as worthless. They were secondary products incurred 
in the manufacture of the main commodity, for which the industrial 
acumen of the age found no use; or if a use were known, the preju- 
dices and conserv'atism of society allowed them to languish in the 
shadow of a similar commodity already strongly intrenched. 

Nature never plays the part of a spendthrift. In the pursuit 
of her strong underlying purpose, she provides, not primarily for 
man, but for the sustenance of the otTspring.* All the food-products 
of the vegetable kingdom, from which man draws upon so lavislily, 
are simply concentrated food in compact form for tlie nourishment 
of the future seedling. This material, in most cases, is the part of 
the plant most desired by man for food. The value of most seed 
for sustaining human life was early recognized, but the rate at 
which they have been utilized for this jmrposc has been dependent 
upon the simplicity of the technical process necessary for their 
elaboration, and the demand for them as a marketable commodity 
in whatever shape the essential ingredient occurred. 

The cotton-plant has been cultivated for its seed-hair from the 
earliest time and throughout a wide geographical area, bcit it was 
only in 1783 that the attention of men of modern timers was first 
directed to the fact that the seed, for which the fibre exists as an 
instrument for its protection and dissemination, contained a useful 
oil. ,It appears that in 1783 it was represented in London that oil 
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might be procured from cottonseed, and a cask of seed was brought 
from the West Indies and presented to the Society of Arts, then 
engaged, as ever since, in the Encouragement of Arts, Manufactures, 
and Commerce. The seed were taken to a mill in the City of Lon- 
don, where the oil was extracted in the presence of the Secretary of 
the Society and several other persons. Samples of this oil were 
preser\^ed by the Society. The remainder was used in various 
experiments to ascertain its qualities. In consequence of these 
experiments, the following offer of a premium for cottonseed-oil 
appeared in the Transactions of the Society Instituted at London 
for the Encouragement of Arts, Manufactures, and Commerce, 
Vol. I, 1783: 

The Society being informed that a considerable quantity of oil 
can be obtained from the Seed of Cotton, and that after the expres- 
sion of the oil, the remaining cake will afford a strong and hearty 
food* for cattle; and likewise that the operation can be applied to 
^the mill for sugar-cane, and worked in the rainy season, at a moder- 
ate expense, have resolved, for the foregoing reasons, that the pro- 
curing of oil from the Seed of Cotton is the proper object of a pre- 
mium, considered as an encouragement for planters to extend the 
cultivation of Cotton, ds an article essentially requisite to increase 
the manufacture of that commodity in this country. 

‘^The Society thereby offer as follows: 

Oil from Cotton Seed. 

“To the planter in any part of the British islands of the West 
Indies, who shall express oil from the Seed of Cotton, and make 
from the remaining seed hard and dry cakes, as food for cattle; 
the gold medal. 

“ Certificates that not less than one ton of the oil has been 
expressed and five hundredweight of the cake obtained, to be pro- 
duced to ihe Society, with two gallons of the oil, and two dozen 
of the cakes together with a full account of the process, on or before 
the last Tuesday of November, 1785. 

“ PMr the next greatest quantity, not less than half a ton of oil, 
and two hundredweight of the cakes; the silver medal.’’ • 

The offer was made in subse(iucnt volumes of the Transactions 
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and the date postponed. The offer was discontinued after that 
which appears in Volume VII, 1789. Subsequent records of the 
Society contain nothing to indicate that its medals were ever awarded 
or applied for. 

Mills, in his statistics of South Carolina published in 1826, says 
that Benjamin Waring had established an oil-mill in Columbia, 
and “expressed from cottonseed a very good oil.’’ 

The earliest record that we have of the beginnings of the tech- 
nical utilization of the seed for oil in America appeared in a co})y 
of the Niles Register of 1829, from which an extract was made by 
a New Orleans newspaper and preserved to us by rei)ublication 
in the 0 / 7 , Pamt, and Drug Reporter of New York. The extract 
runs: 

“Cottonseed yields a considerable portion of excellent oil. The 
difficulty of expressing it, in consequence of the quantity and absorb- 
ing quality of the integuments of the kernel, has been so great .that 
heretofore no great quantity of the oil has been made. We arc 
happy to announce that a highly res])ected gentleman of Peters- 
burg, Va., has invented a machine by which the seed is completely 
hulled and prepared for the easy exj)ression of its oil. The impor- 
tance of this invention to the Southern country may be appreciated 
from the fact that the inventor is erecting a cotton-gin, and will be 
shortly prepared to gin cotton for the seed only. This invention, 
as we understand it, consists of a granite cylinder, revolving within 
convex pieces of the same substance faced and placed in a peculiar 
manner. A hopper over the stone supplies the seed. A wire sieve 
under it separates the hull from the kernel. Drojiping through a 
current of air from a wind-fan, it is delivered clean and ready for 
the press. This machine will probably rank in the country second 
only to Whitney’s gin. About twenty-five years ago Dr. George 
Hunter, chemist and druggist of Philadelphia, having made some 
experiments on the oil of cottonseed, thought it worth while to remove 
to New Orleans, where he carried two steam-engines,^ purchased 
from Oliver Evans, the one for the purpose of grinding cottonseed. 
He did not find the place so well suited to his purposes as he expected, 
and did not set up his manufactory. Afterward, about 1818, CoL 
Clark, an ingenious inventor, made some experiments on the oil of 
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cottonseed for burning in Iam])s. Oil of cottonseed is selling at 
Providence, R. L, at 80 cents per gallon.” 

Harry Hammond states that about 1832 a small oil-mill was 
operated on an island off the Georgia coast. 

Until 1834 colton‘'eed raised in the United States had no com- 
mercial value. The ])hinters used for planting juirposes whatever 
seed they needed, and the remainder was allowed to rot in the fields. 
In Natchez, Miss., in 1834 the first attemy)! to crush cottonseed 
and to extract oif and cake therefrom was made.* d'he pioneers 
in the enteqirise wrre Messrs, [as. Hamilton Cooper and Samuel 
Plumber of (U'orgia, assisted c hielly by Messrs. I'ollett of Norfolk, Va., 
and Major Anderson Miller of Louisville, K\. The enterprise 
was unsuccc'^sful, and after hea\y pecuniary loss the idea was aban- 
doned. In Ure’s Dictionary, 1843, cottonseed is mentioned in a list 
of forty-one ])lants from which oil is obtainc'd, but no further reference 
is made to it. It w'as not until 1847 that sufheient interest was 
aroused to renew'ed efforts to express oil from the seed, wLen two 
citizens of New’ Orleans, Messrs. Frederick Good and Wilber, 
attempted to solve the ])roblem, Init unfortunately succeeded no 
better than their y)redecessors of thirteen years before. It is stated 
that IMr. Good was w1)nt to exhibit a small bottle of the oil wdiich 
he .said cost him $12,000. 

In 1852 Mr. A. A. Maginnis of New Orleans, w^ho was at that 
time a manufacturer of linseed -oil, cnished a small amount of cotton- 
seed experimental!}' in his mill, the oil being intended for medicinal 
purj)oses and selling at about $i per gallon. 

The extraction of oil from cottonseed in France was advancing 
much more ray)idly. With the naked Egyptian seed and being 
under no necessity to decorticate it, they succe.ssfully expressed 
oil from them, refined it, and used it for edible purposes. 

Mr. Paul Aldige of New Orleans in 1852 visited Marseilles, the 
seat of tbe French oil industry, and familiarized himself wdth the 
processes involved. The next recorded attempt to extract oil from 
the seed in America was made by Messrs. Bradbury and Nautre in 
1855, closely followed by F. M. Fisk, P. J. Martin, Paul Aldig^, and 


* Statement of Jules Aldig^, June 27, 1882. 
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A. A. Maginnis, all of New Orleans. The Union Oil Company 
had at the same time located its mill at Providence, R. I., receiving 
its supply of seed from the South. So slow was the development 
of the industry that the Encyclopicdia Britannica, 1858, did not 
include cotton among a list of fifty plants yielding oil. In i860 there 
were recorded seven establishments in the United States manufac- 
turing cottonsccd-oil. 

Prior to i860 the disposal of cottonseed gave the ginner and 
the community great concern. Tlie seed was usually hauled to a 
remote i)lacc to rot, or dumped into some convenient stream of 
running water. With the growth of population and increase in 
cotton culture this careless method of disposal often became a 
great nuisance. In this connection, the following extract from one 
of the laws of Mississippi is interesting history: 

“Article 18. Ever}’ owner or proprietor of any cotton-gin 
erected within half a mile of any city, town, or village is heiicby 
required to remove or destroy all cottonseed which may fall from 
such gin, so that the same shall not prejudice the health of the 
inhabitants of such city, town, or village, and every person being 
an owner or proprietor of a cotton-gin situate as aforesaid who shall 
neglect or refuse to remove or destroy the cottonseed in and about 
such gin, having received five days’ notice, shall forfeit and pay 
the sum of $20 for every day he or she shall neglect or refuse to 
remove or destroy the cottonseed as aforesaid, to be recovered by 
warrant in the name of the State before any justice of the ])eate of 
the proper county for the u^e and benefit of said county. 

“Article 19. No person who shall be the owner or ])roprietor 
of any cotton-gin shall be authorized to throw or i)ermit to be thrown 
the cottonseed from such gin into any river, creek, or other stream 
of water which may be used by the inhabitants for drinking or fish- 
ing therein; and any person ofiending herein shall forfeit and pay 
for every such offence the sum of $200 to be recovered in ^ny court 
of competent jurisdiction, by action of debt or information in the 
name of any person who will sue for the same, one moiety thereof 
to such person and the other moiety to the county in which the offence 
is co,mmitted,” * 


* Revised Code of Mississippi, 1857, page 207. 
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The low commercial rating of cottonseed so vividly indicated 
in this law was current in many localities until the introduction 
of the intensive system of cotton-farming, which is practically coeval 
with the introduction of the cottonseed-oil mill; although, in locali- 
ties where the soil reejuired replenishing, a few thrifty farmers early 
began the use of the seed as a fertilizer. It was discovered that 
through the manipulations of the oil-mill all of the value of the seed 
as a fertilizer was retained, and at the same time it was, through 
its by-products, made to contribute marvellously to the. general 
economy of wealth. The result is that from a product that was 
deemed a nuisance in 1857 there was produced in igoo a value of 
$42,411,835, and only 53.1 per cent, of the available raw material 
was utilized.* The Civil War suspended all [)ractical develop- 
ment of the new industry. 

The economic stupor of the reconstruction })eriod in the South 
is attested by the fact that in 1807 there were but four cottonseed- 
oil 'mills. 

During the war the manufacture of cottonseed-oil was under- 
taken in New York,t among the iirst crushers being the Stonewall 
Oil Company and the Goodkind Brothers. The Glamorgan Com- 
pany were receivers and refiners, and used the i)roduct largely in 
the manufacture of .<oap. 

The early operations c^f the new industr}* were carried on with 
the greatest secrecy, as though to guard a valuable mechanical 
secret; but it is now known that no radically newv mechanism had 
been invented, as had been the case in separating the lint, for the 
extraction of oil from cottonseed. In the main, the machiner}' and 
principles long utilized in different parts of the world for the extrac- 
tion of linseed-oil from llaxseed had merely been adapted to new 
uses. 

To those mentioned ])reviously as engaged in the early develop- 
ment of the industry in Newv Orleans may be added the names of 
Capt. D. C. McCann and W. E. Hamilton, w'hile at Memphis, 
another iioint at which the industry develoiied early, the names of 
Wyley B. Miller, J. W. Cochran, J. C. Johnson, and K. Urcpihart 


■j Oil, Piiint and Drug Reporter. ^ 


*X1I (.'{‘tisus. 
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arc prominent. Among the pioneers at interior points the most 
conspicuous developers of the industr)' were George O. Baker at 
Selma, O. O. Nelson at Montgomer)', Robert Thompson at Nash- 
ville, and James R. ^filler at Little Rock and IMcmphis. 

The number of mills had increased from 4 in 1867 to 26 in 1870. 

The histor}' of the industr}' prior to 1870 is one of experiment, 

in which the a}){)licability of machiner}' employed in the production 
of linseed-oil from flaxseed was demonstrated. 

In 1880 there were 45 mills; in 1890 there were 119. 

With the cpiite ra])id growth of the business in the early eighties, 
and the improvements that were introduced in the manufacture 
and refining of the product, came also the necessity for opening 
up new outlets. The introduction of the oil for edible purposes, 

at least at the North, may be credited in no small degree to the 

receivers and brokers here who had the oil to sell and were com- 
pelled to force it into any channel that could be opened. The 
Chickasaw refinery was one of the first to push its oil into con- 
sumption in this way, and is closely identified with the progress 
that was made at the time in widening the field for refined cotton- 
seed-oil. The names of the houses in New York most prominently 
identified with the industr}' from the time its development really 
began, were William J. Bower & Co., both as receivers and 
brokers; J. F. rO’Shaughnessy, Simmonds & Gildemeistcr, josiah 
Macy’s Sons, I. & C. Moore & Co., and Thomas G. Hunt & 
Co., though the list of houses interested in the product rapidly 
extended with the growth of the manufacturing industry. 

Until about 1885 to 1890 the largest sale of cottonseed-oil, except 
as a soap-making material, was in competition with edible oils con- 
sumed in Italy and France, but since then the manufacture of lard 
compound and oleomargarine has offered an enormous outlet for 
the oil. Its use as a burning oil has never been large, in comparison 
with other outlets, although it early found favor as a miners^ oil, 
and to a considerable extent displacing lard-oil in this channel. 
The popular recognition of the merits of cottonseed-oil as a salad- 
oil, and for the other finer purposes for which it was used, was very 
largely due to the labors of the late Lyman Klapj:), while John V. 
Lewi§ was entitled to the chief credit for its introduction in the mines. 
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Among the earliest crushers of the South was Jules Aldig^, who 
began the industry at New Orleans before the war, and who may 
be credited more than any other individual with the buikling up of 
the foreign demand for American cottonseed-oil. His brands were, 
for a long time, the most popular in the Continental markets, and 
the quality of his products gave a permanent standing to this oil 
as a substitute for the more costly native edible oils in foreign coun- 
tries, where they are largely consumed as food. 

In 1900, according to the XII. Census, there were 357 establish- 
ments engaged in extracting cnide oil, exclusive of refining plants. 
In the report of the quantity of cotton ginned in the United States 
for the crop of 1902 it is stated that ‘'A careful canvass by mail 
of the cottonseed-oil industry reveals the fact that there are in exist- 
ence in the United States 6 t 8 cottonseed-oil mills.” 

During the early years of its manufacture cottonseed -oil was 
almost entirely exiiortcd to foreign countries, and export figures 
for .those years represent very nearly the jiroduction of the country. 
As the quantity of cottonseed crushed and the amount of resulting 
products were not reported prior to the census of 1900, it is impos- 
..ihle to trace directly the statistical growth of the induslr}’, except 
in so far as it is indicated by exports in the table on jiage 24. 

It is indicated in Table 1 that in 1872 and 1899 cottonseed-oil 
reached its maximum and minimum prices, commanding in the 
former year 53.6 cents and in the latter 23.9 cents per gallon in 
the ports from which it was exported. The low jiriec in 1879 was 
due to the large (luantitics of oil obtained from the seed crops of 
T878 and 1879. d'he increase in the iiroduction from 281,054 
gallons in 1876 to 5,352,530 gallons in 1879 was much in excess 
of the supply required for the limited field in which it was then 
utilized. About this time, however, it was discovered that cotton- 
seed-oil could be advantageously to nbined with ])eef fat to make 
a substitute for lard. Then followed the further discoveries tliat 
this oil could be utilized in packing American sardines and, in com- 
bination with other substances, in making artificial butter. I'his 
increased the demand and gave a permanent stimulus to the industiy. 

In Table 2 from the XI 1 . Census are showm by Sttites and 
Territories and for the United States the number of establish- 
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1 F.XPORTS OF ('OTTONSFFD-OIL, 1870 TO 1903.* 


Y( at. 

1 (iallcins 

1 

' Value.t 

Averaf^e Value 
per Gallon. 

1870 

it ) 

( t ) 

$14,946 

140,577 

Cents . 

1871 


1872 

i «73 



17063 

293. =546 

53-6 

709,37^^ 

370,306 

52-3 

i «74 

782,007 

37-M27 

477 

1875 

417,387 

216,640 

51 9 

1876 

281,054 

146,133 

32 0 

1877. •••■ 

1,703,4^-1 

842,248 

19.4 

1878 

|, 9 () 2,349 

2 . SI 4 . 123 

50.4 

1879 

5 ’ 3 ''-o >0 

2,232,880 
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1 880 

^>,997,796 

3.223,414 

46.1 

1881 

3,444,084 

1.465.25 s 

42.5 

1882 

j 7 ' 3- '119 

330,260 

46.3 

188^ 

1 1 3,61 1 

216,779 

52.1 

1884 

, ^,f, 03, 94(1 

1.570.871 

43-6 

j88t; 

' 0,36}, 270 

2,614, 392 

41. 1 

1886 

6,2 }o,]3() 

2,1 15.974 

33*9 

1887 1 

4,067, 1 38 

1.5 78 . 93 5 

38.8. 

1888 

4.438,397 

1,923,739 

43.2 

1889 

2,690,700 

1,298,609 

48.3 

1890 

'3> ^84, 383 

5,291.178 

39-5 

1891 , 

I 1 ,003, 160 

3.97 5 . .505 

36.1 

1892 1 

I ^ 83(^,278 

4,982,283 

36.0 

1893 ! 

9,462,074 

3,927,336 

41.3 

1894 

• 4.938, 30() 

*6,008,405 

40.2 

1 8(^ q 

21,187,728 

6.813,313 

32.2 

l8(;6 ' 

U ), } 13 . 8}8 

3,476.510 

28.2 

1897 

27, 198,882 

6,897, 361 

25.0 

1 898 

40,230,784 

10, 137,619 

25 2 

1899 

30,627,2 It; 

12,077,319 

23 9 

1900 1 

46,()02, 3()0 

1 4,127,338 

30.1 

1901 

49 , ^36,741 

16,341,321 

33-5 

1902 

33,042,848 

12,992,393 

39.4 

1901 

33,642,994 

1 

14.21 1,244 

39 8 

* Oaniiurcc and Xaviyatn -n of tht- 

Unittd Statis 



t The value of ( ( 4 tons< cd-oil, at the 

tinit (jf t x])<irtatioi 

ri, in the p,_)rts t.f tlie 

United State.. 


whence ex[M)rt( d. 

t Quantity not slattd. 


merits, the cjuantity and cost of cottonseed crushed for ofl extrac- 
tion, and the (juantity and \alue of each of the products, together 
with the total value of all j)r(4lucls. 

Table 3 shows by States and Territories and for the United 
State, s the number of establishments, the average consumption of 
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TABLE 2.— NUMBER OF ESTABLISIIMICNTS, (^iUANTirV, COST, AND 
AVERAGE COST BER TON OF CO'ITONSEED CRUSHED; AND 
QUANTITY, VAEUE, AND AVERAG1-: VAEUE PER UNIT OF 
PRODUCTS MANUFAC'PURICD: 1000. 


States and Ternturics. 


United States 

AlaV)ania 

Arkansas 

Gc( ifKia 

Indian 'I'erntory. 

Louisiana 

Mississippi 

Nortli Carolina. . . 
Oklalionia . 

South Carolina 
Tennessee. . . 
Texas . . . 

All other States * . 


Numbirof 

1 ( ottonseed 

Establish- 



xYver Cost 

inents 

T« Ills 

Cost. 

per Ton. 

.S':? 

2 , 470 , pSO 

$28,632,616 

$1 I ss 


172,00 1 

2.010,08s 

II 73 

20 

1 00,0 1 ^ 

2,24s ,7 1 0 

1 1 82 

46 

271. 8u 

3.246,81 1 

1 1 04 

6 

26.41 s 

207 ,<) 6} 

I I 28 

2 I 

250,08 < 

2,8 s s, 7 (i 7 

11.20 

41 

394,678 

4,577,00s 

’ 1 1 60 

20 

107,660 

1.313.663 

12.20 

6 

26,425 

247,520 

0 3 7 

48 

156,642 

2,1 86, )o8 

13 96 

1 5 

168,307 

1,84.8,820 

10 08 

102 

692,604 

7 ,56o6f» t , 

10 02 

S 

21,731 

2 5 4 , 2 2 s 

I I 70 





Products. 






Oil. 1 

Cake and M( al. 

States and 








Territories, 

Total Value. 


Value. j 

Aser. 






Gallons. 


Value 

Tuns, 

Value. 

Value 





per 



per 

• 




Gallon 



! Ton 





( cuts 




United States. 

$ t2,4 1 1 ,.835 

03 , 32s, 720 

$2 1 , 3(>o,(i74 

22 0 

884,301 

$1(1,030,57(1 

$ 1 ,8 I j 

.\labama 

2 . 052 . 2 S 4 

6,70 t.os 1 

1 1 ,S 20,834 

22 7 

()0, 380 

1 .07(1.1 so 

17 Hi 

.Arkan.sas .... 

3,1 88, 81 2 

7.224.07 1 

1 ,644,40s 

1 22 8 

6 s . 450 

i 1,142,102, I 7 45 

ihork'ia. .. 

3,787,100 

10,606,60 3 

2,40.8, pSO 

1233 

0 1 .6 37 

1.71 3.0 38 


Indian Territory 

446.078 

Oil. 88s 

20 7 , 2 S 1 


9,18s 

1 82,807 

10 90 

Louisiana 

4, 107,801 

0,60 2 ,640 

2,222,702 

! 22 0 

01 . 348 

1,71 5,424 

18.78 

Mississippi. . . 

6,07 1 ,0 S I 

1 S.O 3 3 ,S 6 S 

3.361,278 

22 4 

141 ,520 

2,018,405 


North Carolina . 

1 ,880,0 1 > 

4. 388,277 

0T«p6 17 

1 2 • 3 

3(1,088 

078 073 

18 81 

Oklahoma. 

4 1 0,063 

9 37,021 

1 .8(1. 7(1 1 

[loo 

0.481 

K' 3,785 

17.28 

South Carolina. . 

b 04 US 47 

6,1 <>2,2 1 8 

1 ,545.0 34 

I 25 1 

57,086 

1.100,645 

20 I 7 

Tennessee 

2.7 t7.“ <8 

6,454,1 7 3 

1 , 30 l.ss s 

1 2 1.1 

50 . (>i 3 

1 , 045.705 

17 54 

Texas ... 

1 1 .s 1 0,956 

24.354,605 

5.(106,26 3 

234 

252,08 3 

4,371,377 

I 7 28 

All other States 

378, SSO 

834.640 

1 90,548 

1 22 8 

8.(*0 3 

I 5 3,075 

17 61 




Produets — 

C oniinuid. 





Hulls. 

1 


Linters 


States and Territories. 

Tons. 

Value. 

Aver.ige 
Value 
per Ton. 

Pounds. 

Value. 

Average 

Value 

per 

Pound. 

United States 

1 ,169,286 

$3,180,354 

$2 73 

57.272.05 3 

$i ,Soi ,231 

Cents. 

3 I 

Alabama 

80,1 67 

217,025 

2 72 

4,331 ,01 6 

137.345 

3 a 

Arkansas 

00,68 3 

248,770 

2 74 

4,613,510 

' 15 3,475 

3 3 

Georgia 

132,344 

405.581 

3 o(» 

0, 308,830 

1 200,005 

3 I 

Indian Temtory 

13.074 

32,072 

2 52 

67 3.075 

j 23,048 

3 4 

Louisiana. 

1 14 , 44 (> 

2.87,(150 

2 S I 

6,1 3 3,661 

1 172,055 

2 8 

Mississippi.* 

185,060 

30 (', 7 e)i 

2 14 

9 . 100,7 37 

291,557 

3 a 

North Carolina 

52,1 30 

145.028 

2 80 

2 ,i 4 o, 00 (> 

75,477 

.3 5 

('•klahorna. .* 

12,424 

40 807 

1 20 

5 25,5 50 

1 i8,()20| 

3 5 

South Carolina 

71.542 

217.886 

3 05 

3,22 3,802 

, 110,082 

3 4 

Tennessee 

70,858 

106, 1 05 

2 46 

4,058,47 1 

MI SSC 

3 2 

Texas 

338,1 10 

975,480 

2 07 

15.544, 370 

1 47(1,527 

3 I 

All other States 

0,430 

2 3, 360 

2 48 

4 10.0 2 5 

11 3('7 

2 7 


♦ Includes establishments distributed as follows. Florida, i , Kansa 
UlinoiB, I. 
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cottonseed per establishment, the average quantity and value of 
the several products manufactured from i ton of seed, and the per 
cent that each is of the total weight and value. 


TABLE 3 —NUMBER OF ESTABLISHMENTS, AVERA(;E CONSUMPTION 
OF SEED, AVERAGE PRODUCTION PER TON OF SEED, AND PER 
CENT. OF EACH PRODUCT TO TOTAL. NIL Cl-NSUS. 


States and Tom tunes. 

1 

Number 

ot 

Establi':h- 

nicnti>. 

1 

Averaj'e 
Con- 
sumption 
of Seed 
per 

Itstablish- 

ineiit 

Products. A VC raj 

/X, Cake and 
Meal. 

(riillons. Founds. 

37-0 7>3 

s'e (Juautii 

1 

I Hulls. 

Ly per Toi 

Lintcrs. 

1 of Seed. 

Waste. 

United States 

357 

Tons. 

^>915 

1 Founds. 

1 943 

Founds. 

23 

Founds. 

39 

Alabama 

27 

^374 

30.0 

702 

932 

25 

48 

Arkansas 

20 

0,50 r 

0 

689 

951 

24 

48 

Georgia 

46 

5. 900 

39 0 

674 

974 i 

24 

35 

Indian Territory 

6 

4 HOJ 

35 3 

995 

990 

29 

24 

Louisiana 

21 


38.6 

728 

912 

24 

46 

Mississippi 

41 


3 ‘^f 

7‘7 

93H 

23 

•37 

North Carolina 

20 


408 

670 

9 fK; 

20 

36 

Oklahoma 

6 

4,404 

35 5 

718 

940 

20 

56 

South Carolina 

48 

3 , 26 t 

39.3 

740 

9^3 

21 

31 

Tennessee ^ 


1 1,220 

3^-4 

708 

949 

1 24 

31 

Texas ■ 

102 

9,790 

35.-’ 

' 731 

947 

22 

36 

All other States * 

5 

4 G 49 

3«4 

800 

898 

19 

25 


States and Terntunes. 

Products. Averaj'e Value per Ton of Sted. 

T(Aal. 

Oil. 

Cake and 
Meal 

Hulls 

^ Linters. 

t 

United Stales 

$1711 

$8.63 

$6 46 

Si. 29 

S0.73 

Alabama 

17 15 1 

884 

6.23 

1.26 

0.80 

Arkansa.s 

16.78 

8.63 

6 01 

1 31 

0.81 

Georgia 

' 17.61 

08 

6 30 

1.49 

0 74 

Indian Territory 

' 16.89 

785 

6.92 

1-25 

0.87 

Louisiana 

17-52 

8 86 

683 i 

1.14 

0.60 

Mississippi 

16.90 

8.32 

9.63 1 

T.OI 

0.74 

North Carolina 

17.46 

9.10 

631 

1-35 

0.70 

Oklahoma 

15-52 

7.07 

6.20 

1-55 

0.70 

South Carolina 

10 43 

9 87 i 

7-47 

1-39 

0.70 

Tennessee 

1 6 26 

8 10 

6.21 

1. 177 • 

0.78 

Texas 

1663 

8 22 

6,31 

1. 41 

0.69 

.All other States 

1741 

8 77 

7.04 

1.08 

052 


♦Includes cstaljlishnicnlb distributed as foil \vs Florida, i Kansas, i, Missouri, 2, 


Illinois* I. 
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T\BLE 3. Coyitinued. 





ProduU 

Is Per 

Cent of Each to Total. 



States and Temtoncs. 



Weight. 



Value. 


Oil.* 

C.iko 

and 

Meal. 

1 

Hulls. I 

Linters 

Waste. 

Oil. 

Cake 

and 

Meal. 

Hulls. 

Linters. 

United Stales. . . . 

14 I 

3 U 7 

n-’ ! 

1.2 

2 2 

50.4 

379 

7 s 

1 2 


tl6 

3 .vT 

46.6 1 

1 ^ 

2.4 

51-5 

3 d 1 

7 4 

4 7 

Arkansas 

M ^ 

34 1 

47 7 

T 2 

2.4 

51.6 

35 ‘8 

7 8 

4 7 

(.ieorRia 

14.6 

33-7 

4 ‘H .7 , 

I 2 

1.8 

51.6 

3 5. <8 

8.4. 

4 2 

Indian Ternton. .. . 



Id. 5 

1 3 

1.2 

46.4 

41.0 

7 1 

5-^ 

I.ouisiana 

14 s 

3 <* 1 

45 

I 2 

2.3 

50 5 

39.1 i 

6.6 

38 

Mississippi 

1 1 ^ 

35 d 

td () 

T 2 

T.d 

50-4 

.39.3 

5 9 

4.4 

I'Jfirt h ( ',1 n )1 1 n a 

TV2 

33 s 

4‘^ s 

T 0 

I 8 

52.0 

36.2 

7.8 

4.0 

Oklahoma 

1 ^ 3 

U d 

17 0 

1 0 

2.8 

45 5 

40.0 

10. 0 

4.5 

South ( arolina 

> 4 7 

37 0 

4s 7 

1 1 

1 6 

50.7 

384 

7.2 

3-7 

Tenne-ssi e 

Texas 

All other States 

14 1 

1 ^ 2 

1 1 4 

3s t 
3d d 
40 0 

1 47-s 
■ 17 1 
i n 4 

1 2 

1 1 

I 0 

1.6 

T 8 

1.4 

4d-9 

49-5 

50*3 

38.2 

38.0 

40.5 

7.2 

8.4 

6.2 

4 7 

4 1 

2 9 


* 1 lUiiU <-1 on tlu' l)>isib < >t 7 s P'^uudb per ^ullon. 


Table 3 also shows the average c|iiantity of products per ton 
of seed for the United States in 1900, as follows: Crude oil, 37.6 gal- 
lons (equivalent to 282 pounds); cake and meal, 713 pounds; hulls, 
943 ])ounds; linters, 23' pounds; and waste, 39 pounds. 

The technical data elaborated in 'J'tddc 3 relative to the yield 
of crude oil and oiPcake, the two most important products, make 
possible an exposition, along broad lines, of many phases of the 
growth and present magnitude of the cottonsccd-oil industry. 

Unginned cotton consists of two parts Iw weight of seed and 
one part by weiglit of lint; thus seed or unginned cotton, “thirds 
itself” at the gin. Therefore from the total yield of cotton for any 
given year a fairly accurate estimate can be made of the total crop 
of cottonseed by multiplying the total cield of lint cotton by two. 
The quantity of cottonseed raised luiving thus been ascertained, it 
is equally, well known that under axenigc conditions, as confirmed 
by Table .3, the yield of the two important products will be 
oil, about 40 gallons (300 lbs.), and oil cake, about 700 pounds, 
from each ton of seed. Thus knowing what proportion of the 
total cottonseed crop is actually manufactured each year in a gen- 



28 


COT ION SEED PRODCCiS. 


TABLE4.— COMPARATIVE SUMMARY OF THE QUANTITY AND VALUE 
OF THE COTTON AND C'OTTONSEED PRODUC'ED IN 1S99, AND 
RELATIVE VALUE TO TOTAL CROP OF MANUFACTURED AND 
UNMANUFACTURED SEED. 





Seed Produced. 


States and Territories. 

Value of Lint 
Cotton. 

Ouantit V. 

Value 

pi dcntial 
Value if 
( rushed 
for Oil. 

United States 

* $3^58,8^6,0 21 

Tons. '' 

4,668,346 

%4.345.677 

^80,371,375 

Alabama 

38,826,694 

539.260 

6,325,520 

9,248,509 

Arkansas 

25,401,005 

352,792 

4,170,001 

5,919.850 

Georgia 

45,958,082 

615.550 

7.349.428 

10,839,483 

Indian Territory 

5,169.876 

71,804 

809,949 

1,2 I 2,770 

Louisiana 

25,212,686 

350,176 

3.955.487 

6, 135,084 

Mississippi 

44,556,009 

618,83 5 

7,184,651 

10,458,278 

North Carolina 

15,854.380 

2 20,200 

2,609,370 

3,844,6(;2 

Oklahoma 

2.591.384 

3‘^.99i 

337.236 

558,580 

South Carolina 

30,341,895 

418,553 

5,843,000 

8,132,485 

Tennessee 

7,619,073 

105,820 

1, 161,904 

1.7-0.633 

Texas 

93.924,632 

1,504,509 

14,195.058 

21,693,985 

All other States f 

3,381,205 

34.878 

408,073 

(>07,226 




Seed Crushed. 

Value of Cotton Cn.p 

States and 
Temtones. 

Quantity. 

Cost to the 
Mills. 

Value of 
Crude 
Pn.clucls 

Viilue of Lint 
Cotton and 
Seed. 

Potential 
Value if all 
Seed were 
Crushed. 

United States.. . 

Tons. 

2.479,386 

$28,632,616 

$42,411,835 

S393, 1 82,598 

$419,208,296 

Alabama 

172.093 

2,019,085 

2,952,254 

45,152,214 

48,075,003 

Arkansas 

190,015 

2,245,710 

3,188,812 

29,571,006 

31.320,855 

Georgia 

271.833 

3,246,814 

4,787,100 

53,307.510 

56,797.565 

Indian Territory. , 

26,415 

297,939 

446,078 

5.979.825 

6,382,646 

I-X)uisiana 

250,983 

2,833,767 

4,397,891 

29,166,175 1 

31,347,770 

Mississippi. . 

394,678 

4,577.9951 

6,671,031 

51,740,660 

55,014,287 

North Carolina. . . 

107,660 

1,313,6651 

1,880,015 j 

18,463,750 

19,699,072 

Oklahoma 

26,425 

247,520' 

410,063 

2,928,620 

3.149,964 

South Carolina. . . 

156,642 

2,186,408 

3,043,547 1 

36,184,895 

38,474,380 

Tennessee 

168,307 

I 1,848,829 

2,757-058 1 

8,780,977 

9,339,706 

Texas 

692,604 

7, 5 (x), 66 1 

1 1,5 li), 656 1 

108,117,690 

t ‘115,618,617 

All other States, . . 

21,731 

254.225 

378,550 

3,789.27^ 

3,988,431 


* Drx's nr.t, int hule 2 ^ 2 , thf* val»u“ of the lottoii product of Kentuc ky and Virj^inia, 
there bein>? no od-mills rcpc)rtfd from those States 


t Includes the statistics reported by establishments distributed as follows. Florida, i] 
Kans^, 1 Missoun, a, Illinois, 1. 
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TABLE 4 — Continued. 


States and Tomturics. 

Per Cent. 

Value of Seed 
Prodiu ed to 
Value of 
Cotton Crop. 

Potential 
Value ot Seed 
it Ciushed to 
Valiu- ot 
Cotton Crot>. 

Ouantitv of 

S( ed Crushi d 
to On.intitv' 
I'roduc ( d. 

Increase in 
Value of 

Sii d hy 
Mamitai, lure. 

UniU'd Slates 

Td-S 

20 4 

5^ I 

.18 I 

Alal)ania 

14 0 

20 ^ 

di-9 

46 2 

Arkans.is 

I 1 T 

20 0 

5 d 

42.0 




20 d 

44 2 

47-4 

Indian Ternlorv 

Id 5 

20 S 

dC8 

49-7 

T.ouisiana 


2,0 

71 7 

55-2 

MiSMss1|)])| 

I ^ ') 

20 2 

6.4.8 

45-7 

North ('arolina 

M I 

20 8 

48.9 

4d-i 

Oklahoma 

IIA 

19.1 

7d4 

65-7 

South Carolina 

16.1 

22. c; 

d7 4 

39-2 

Tennessee 

1^.2 

19 6 

136 I 

48,0 

Texas 

Id-T 

20 I 

5 d 0 

52 4 

All otl]^‘r States 

10.8 

16.0 

62.3 

48.8 


oral way, the quantities of the products manufactured therefrom 
can be determined. The census in\estigations disclosed the fact 
(Table 4) that 53,1 per cent of the cottonseed crop of 1899-1900 was 
utilized in manufacture' the average yield of oil per ton of seed 
manufactured for the entire country during that year was 37.6 gal- 
lons; the yield of oil-cake, 713 pounds per ton. These figures 
indicate that the commonly accepted commercial estimates upon 
this industry for previous years were fairly close approximations. 
Tabic 5 following, therefore, gives the total cottonseed crop, the 
percentage of the crop utilized in manufacture, the quantity of seed 
actually manufactured, the gallons of oil and tons of oil-cake pro- 
duced, the exports of oil, of oil-cake and meal, and the quantities 
of oil retained for home consumption from 1872, when exports of 
cottonseed-oil were first given separately in export statements, up 
to 1903 inclusive. 
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TABLE 6.— STATISTICS OF THE COTTONSEED INDUSTRY OF THE 
UNITED STA'FES. 


Year 

Ended 

June 

30— 

Cotton- 

seed 

Crop. 

Percent- 
age of 
Crop 
Manu- 
fac tured 

Seed 

Manu- 

factured. 

Oil 

Produced. 

Oil-cake 

Pro- 

duced.* 

Oil 

Exported. 

( 7 il Retained 
tor Home 
Coiisunip- 
tion. 


Tons. 

Per Cent. 

Tons. 

Gallons. 

1 ons. 

Gallons. 

Gallons. 

1872 

1,317.637 

4 

52,705 

2,108,000 

18,400 

547.165 

1,560,855 

1873 

1,745.145 

3 

52.354 

2,0(;4,000 

18,300 

709.576 

1,384.424 

1874 

1,851,652 

4 

74,066 

2,963,000 

25,(;oo 

782,067 

2,180,933 

1875 

l ,686, si6 

5 

84,325 

3.373.000 

29,500 

417.387 

2,955.613 

1876 

2,056.746 

6 

123,404 

4,936,000 

43,200 

281,054 

4,654,946 

1877 

1,968,590 

5 

98,429 

3.937.000 

34.400 

1,705.422 

2,231,578 

1878 

2,148,239 

7 

150.376 

6,01 S, 000 

52,600 

4.992.3 

1,022,656 

1879 

2,268,147 

8 

181,451 

7,258,000 

63,500 

5.352,530 

1,905,470 

1880 

2,615,608 

9 

255,404 

9,4 1 6,000 

82,400 

6 , 997.760 

2,418,204 

1881 

3,038,^)95 

6 

182,321 

7,293,000 

63,800 

3,444,084 

3,848,916 

1882 

2 , 455.221 

12 

294,626 

11,785,000 

103,100 

713.549 

11,071,451 

1883 

3,266,385 

12 

391,966 

15,679,000 

1 57 , 2 <x) 

415,611 

15,263,389 

1884 

2,639,498 

15 

395,924 

15.837.000 

158,500 

5,605,946 

12,231,054 

i 88 s 

2,624,835 

19 

408,718 

19,949,000 

i 74 . 5 <^ 

6,364,279 

13.584,721 

1886 

3,044,544 

19 

578,463 

23,1 58,000 

202,400 

6,240,739 

16,897,861 

1887 

3,018,360 

23 

6<M>222 

27,76(^,000 

245, (X)0 

4,067,138 

2 5,701 ,862 

1888 

5,290,871 

25 

822,717 

32,909,000 

287, (><X) 

4.458.597 

28,^450,403 

1889 

3.309.564 

24 

794,295 

51,772,000 

2 'jSyOOO 

2 , <^0,700 

2(),o8i ,300 

1890 

3,494,811 

25 

875,702 

34,948,000 

505,800 

13.384.385 

21,563,61 § 

1891 

4,092,678 

25 

1 ,02 5, 1 69 

40,(;27,ooo 

558,100 

11,003,160 

29,923,840 

1892 

4.273.734 

25 

T, 068 , 433 

42,737,000 

374,000 

13.859.278 

28,877,722 

1893 

3,182,673 

33 

1,050,282 

42,01 1,000 

567, 6<X) 

9,462,074 

32,548,926 

i 8(;4 

3.578.613 

40 

1,43 b 445 

57,258,000 

501,000 

14.958.309 

42,299,691 

1895 

4,792.205 

35 

1,677.271 

67 ,<X) 0,840 

587,044 

21,187,728 

45.903.112 

1896 

3.415.842 

42 

1,434.653 

57,386,120 

502,128 

19,445,848 

37,940,272 

1897 

4,070,100 

40 

1,628,040 

65,122,000 

56(),8oo 

27,198,882 

37,923.118 

18^ 

5.252,767 

40 

2,101,106 

84,044,000 

735.300 

40,230,784 

43.813.216 

18^ 

5.471.521 

43 

2,352,754 

94,1 10,000 

823,400 

50,627,219 

43.482,781 

1900 

4,668,346 

53 

2,479.386 

93.325.729 

884,391 

46,902,390 

46,423,339 

1901 

4,830,280 

50 

2,415,140 

96,605,600 

845.299 

49.356,741 

47,248,859 

1902 

4,983.239 

60 

2,975,000 

1 19,000,000 

1,041,250 

23,042,848 

85,957.152 

19^3 

5,208,000 

60 

3.277.233 

131,089,320 

1.146,532 

35, 642,9(^4 

95.447.326 


♦Exports of oil-cake since iHos have been as follows (m tons of 2000 pounds). 1895, 
*44,858 tons, 1896, 202,468 tons; 1897, 311,693 tons, 1898, 459,803 tons, 1899, 539,996 tons 
1900, 571,852 tons; 1901, 629,343 tons; 1902, 525,233 tons, 1903, 5S0.196 tons. 



CHAPTER in. 


SUMMARY OF PROCFDURIC OF UTILIZATION OF COTTONSEED. 

RcG'ivin}' and Storing Seed (leaning Seed. Reginning Seed. Hulling 
Seed Separating Meats and Hulls Crushing Meats Cooking Meats. 
Cake-forming. Oil-expression. 'Treatment of Crude Oil Treatment 
of Cake. Yield of Products per Ton Seed. Economic Considerations. 
Recent Statistics. 

By reference to Fig. i i,in which is shown a diagram of a cnide- 
oil mill, the course of treatment to which cottonseed is subjected 
may be readily traced. The distribution of power from the main 
shaft *to the various madiines by belting is clearly indicated. In 
Tig. 1 3 are shown the relative locations of the receixing and storage 
Louse for lint cotton, the ginnery, seed storage house, and oil-mill. 
'Fhe latter plan shows the equipment re(|uired for the combined enter- 
])rises of cotton-ginning and oil-e.\pression for a daily ginnery (ap'ac- 
ily (^f 35 to 40 bales widi a corresponding daily yield of seed of from 
15 to 20 tons. By this jdan the seed as they fall from the gins 
are passed directly to the seed house. The location of the steam- 
plant for both ginnery and oil-mill at the latter ])lace removes a 
j)()tent source of danger from the ginnery. The ])ower required for 
a ginnery of the capacity stated is from 30 to 60 horse-power; 
for the oil-mill from 50 to 60 horse-power. An cal-mill with a 
daily capacity of 15 to 20 tons of seed will c'onsumc 2000 to 2500 
tons of seed ])er season of 5 to 6 months’ duration. Receiving lint 
cotton and separating the seed by ginning have already been de- 
scribed. We may pass directly to the seed. 

Receiving and Storing Seed. — The caj)acity of an oil mill is 
expressed bt' the number of tons of seed that can be worked up per 
day of twenty-four hours. As this varies from 15 to 200 tons and 
sometimes more, ample storage capacity for receiving and storing 
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the green seed is necessary. As the seed deteriorates rapidly in 
storage its prompt utilization is likewise necessary. The seed may 
be received from the ginnery by conveyor, if ginning be an asso- 
ciated cnterjjrisc, by wagons from neighboring ginneries, or in 
bags, or loose in box-cars by rail, or in bags by steamboats. The 
dimensions of the seed-house of a mill capable of handling 15 to 
20 tons of seed per day are shown in Fig. 13. 

Cleaning Seed. — The seed are mixed with varying amounts of 
foreign matter which it is necessary to remove. This consist , 



chiefly of sand and dirt, bolls and locks of cotton, sticks and pieces 
of branches, pebbles, pieces of iron, etc. This separation is effected 
by means of inclined reels, or revolving screens of hea\y wire net- 
ting, or perforated sheet metal, a sand and boll screen being shown in 
Fig. 1 8. The seed are elevated by bucket-elevator and fed into 
the higher end of the reel; as they are moved toward the lower end 
there is a selective se{)aration of foreign matter and seed according 
to respective size hy means of different-sized openings in the net 
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or metal. Pieces of iron may be separated by means of magnets 
located in any CQnvenient place in the path of the seed. 

Reginning Seed. — In ginning cotton the removal of the staple 
from the seed is not comj)lele, and a second ginning to remove the 
greater part of the remaining short fibre or lint is necessary. This 
i ; effected by means of delinter^, a type of which is shown in Fig. 19. 
The seed is fed into the delinter and is discharged in a much cleaner 
state; the delint is condensed in the '‘condenser’’ into a broad 
band which is compressed into bales in the same manner as lirit 
cotton. 

Hulling Seed. — In the American practice of oil-milling the seed 
is decorticated or hulled. This is made necessary by the presence 
of much adhering fibre, which is absent in the sea- island and Egyptian 
seed, and which if allowed to remain deteriorates the oil and cake. 
The pericarp or hull is removed by means of a hullcr, forms of 
which are shown in Figs. 20 and 21. The mass discharged from 
the huller is a mixture of meats, or kernels, hulls and meals with 
more or less of the hull still adhering. 

Separating Meats and Hulls.— The mixture of meats and hulls 
i^ subjected to selective se])arati()n in the same manner as uncleaned 
^eed and by means of a mechanism of similar construction. A 
meat and hull sejiarator is shown in Fig. 22, The sejiaration i^ by 
no means complete. The revobing screen discharges the greater 
portion of the hulls at one end and allows the meats to escape through 
the perforations. Subsequent separation of much of the remain- 
ing hulls is effected by means of a shaker, where advantage is taken 
of the property of hulls with adhering lint to felt together. Hulls 
may accompany the meats, but meats should not be allowed to go 
with the hulls. The hulls, formerly used for fuel at the mill, arc 
now highly prized as feeding stuff and fertilizer. They are conveyed 
to the hull-house, where they are packed compactly in bags and 
bales of uniform weight. 

Crushing Meats. From the shaker the meats are conveyed 
to the feed-box surmounting the crusher- rolls. Crushers of differ-, 
ent types and cajmeities are shown in Figs. 23 to 28 inclusi\e. 
'i'he puq>ose of crushing is to reduce the meats to a uniform con- 
srstency, whereby ihe structure of the kernel is broken down and 



PROCEDURE OF UTILIZATION OF COTTONSEED. 


35 


the oil' cells ruptured, thus permitting the equal exposure of all 
parts to heat in the cooking process. 

Cooking Meats. — Hereinbefore, in the treatment of seed, the oper- 
ation has been entirely mechanical, but with cooking there is the 
intervention of human agency. The succesh of the cooking process 
is determined by the judgment and skill of the cook. The cooking 
is done in shallow’, cylindrical, steam-jacketed and covered vessels 
of cast or sheet iron, called heaters, w'hich vary in number and 
capacity according to the number of hydraulic presses, both" pieces 
of apj)aratus determining the daily capacity and efticiency of oper- 
ation of the mills. Heaters of different types and capacities are 
showm in Figs. 30, 31, and 32. They are usually operated in pairs, or 
in scries of three or more, according to the capacity and seed supply 
of the mills, and in such a manner that ji continuous supply of cooked 
meats is available for treatment in the following stage. The pro- 
cedure followa'rl in cooking is determined ver}’ largely by the quality 
of the’ seed. I'he i)urpose of cooking is to expel the excess of mois- 
ture by evaporation, the ])resence of w^hich is destructive of press- 
cloth, to heat the oil to facilitate its maximum separation, and to 
coagulate the albuminous matter of the seed wTereby its solubility 
in the oil is reduced. 

Cake-forming. — The cooked meats are transferred directly to 
the cake-former (Fig. 33), wTere they are subjected to ])ressure, just 
less than is necessary to express oil and formed into cakes approxi- 
mating the dimensions they are destined to assume. These are 
wrapped in camers-hair cloths and inserted at once into the empty 
compartments or boxes of the hydraulic press. 

Oil-expression.-- Crude oil is obtained by subjecting the cotton- 
seed, cleaned, hulled, crushed, cooked, and formed into cakes as 
described, to great pressure by means of a hydraulic press, a type 
of which shown in Figs. 35 and 36. The efficient operation of 
the press and the character of the residue remaining after the sepa- 
ration of the oil, depend upon the care and skill w’ith which the seed 
is treated in*i)receding steps and upon the judgment and experience 
of the press attendant. The products are crude oil and press-cake. 

Treatment of Crude Oil.— -The crude oil as it Hows from the 
press falls by gravity into a tank beneath. It is dark red to bhek 
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in color, due to the dibsolvcd coloring-matter of the seed, and is 
contaminated with albuminous matter and meal in solution and 
suspension. It may be transferred to storage-tanks to clarify by 
sedimentation, or filtered (Fig. 48) at once for the same purpose. 
The (piality of the oil depends upon the quality of the seed. It is 
subjected to treatment with caustic soda to remove free fatty acids, 
albuminous matter, and the greater portion of the coloring-m.atter. 
The yellow oil thus obtained is clarified by treatment with fullers’ 
earth and yields the edible jiroducts. The deposit obtained on 
settling after treatment with alkali forms the material for the pro- 
duct known as cottonsecvl-oil soap-stock. 

Treatment of Cake.— On release of pressure from the hydraulic 
press, the cakes, while yet hot, are removed and the cloth stripped 
from them. The cakes are as firm as a board. Trimming the 
soft ends is effected automatically (Fig. 54). After cooling, they 
may be packed in bags of uniform weight and marketed directly, or 
they may be reduced to meal by grinding, in which state they form 
a valuable commodity used as cattle-food and fertilizer. An attri- 
tion m.ill for reducing cake to mxal h shown in Fig. 57. 

Yields of Products per Ton of Seed. — By reference to Table 2 
the average \icld of products ])er ton of sped, as rejiortcd by 357 
establishments engaged solely in the manufacture of crude oil, is 
as follows: 


Crude oil, 37.6 gallons equivalem to 282 pounds 

Cake and meal 713 “ 

Hulls q43 “ 

Linters 23 “ 

Waste 39 “ 

Total 2000 “ 


A^ the^e figures represent a ])road, general average, it is clear 
that different seed in the same season, as well as in different reasons, 
yield varying quantities of ])roducts. The better irills from good 
seed will extract 40 gallons of oil instead of 37.6 gallons, in which 
case the proportion of the other j)roducts, ])articularly meal, would 
be reduced. Cood, clean, dr\' seed will yield a greater proportion 
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of hulls than immature and “sappy” seed; also the prot)ortion 
of waste would be reduced. 

Knowing the prevailing market value of raw seed, together with 
the factory costs of working up seed per ton (which varies from 
S3. 50 to S4.50), and the prices of the products obtained therefrom, 
the margin of ])rorit may be readily calculated. The diagram in 
Fig. 14 shows the \arious products obtainable from cottonsecfl and 
their consecutive position in the jirocedure of manufacture. 

Economic Considerations, d'hosc establishments engaged exclu- 
sively in the manufactun' of crude oil are under m.ore economic 
disadvantages with respect to Ihutualions in tlie price of the raw 
material than are those who extend the procedure of manufacture 
to tlie ])re])aration of edible and manufactured products. It is a 
fact of common observation that, under the stress of su])ply and 
demand, the prices of iinished jiroducts are more slow to react 
than the prices of raw materials. An advance in the price of a 
raw hiaterial is not, as a rule, followed at once by a corresponding 
• advance in the jirice of the finished product. It is likewise true 
in the utilization of natural resources that as the (|uality of a com- 
modity is increased the labor cost becomes a correspondingly 
smaller proportion c)f the total cost. Applying these axioms to 
the cottonseed-oil industry, it is clear that the increment of value 
in manufacturing crude oil is inlluenced to a greater degree than 
it is in manufacturing refined oil, by fluctuations in the price of 
seed, 

'The tendency of all manufacture, jiarticularly that having to 
do with jiroducts close to the soil, is to gravitate, within certain 
limitations jieculiar to each industry, to the source of supply of 
raw material. This principle we find expressed in the cottonseed- 
oil industry in the multiplication of crude oil-mills in close prox- 
imity to ( otton-growing, hence seed-producing, sections. 

In op])osition to this economic tendency is that of combination 
of prodifctive effort. The outcome of these opposing tendencies 
is indicated by the control of crude oil jilants, located at the sources 
of seed supply, by organizations operating refineries at centrally 
located points. The increasing, general appreciation of the high 
value of cottonsccd-oil for edible purposes, and of its puoducis as 
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cheap and eilicient feed for beef and dair\^ cattle, promises a most 
cnc()ura<j;ing future for the cottonseed-oil industr\\ 

Recent Statistics, -dlie Twelfth Census, rei)orting the industry 
for the year ending June 30, 1900, found 357 cottonseed-oil mills 
in operation during the census yt'ar, reporting a crusli of 53.1 per 
cent of the seed produced in 1899. The products obtained wimt 
valued at .$42,411,835. This Is a noteworthy growth in the last 
three years, an increase of 48.6 per cent, in the niimlier of estab- 
lishments and of 42.2 percent, in the quantity of seed crushed. The 
crush for the season of 1902-1903 may be distributed by States and 


territories as follows: 

Tons. 

Alabama 192,438 

Arkansas 

Florida 18,601 

Georgia 4 ^ 0,557 

Indian Territorc' 74j9b2 

Louisiana 324,229 

Mississippi 400,670 

Missouri 3 L 303 

North Carolina 222,074 

Oklahoma. . / 64,087 

South Carolina 280,146 

Tennessee 234,682 

Texas 872,985 

All other States 17,265 


Total 3^524,780 


Before the general introduction of the cottonseed-oil mill a fair 
valuation placed upon cottonseed was $6 per ton. The average 
price paid the producer for seed this season is $15.75 * 
increase of 163 per cent, in, say, lifteen years. The seed sold from 
the cpp*of 1902 increased the value of the cotton crop to the farmers 
by $55,515,285. If the entire seed crop had been thus disposed of, 
the value would have amounted to $80,209,194.05. 


* Census Bull., No 2, 1903. 
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The quantities and values of cottonseed products obtained per 
ton of seed from the growth of 1902 may be distributed as follows: 


39 gallons of crude oil, at 30.5 cents per gallon $11.89 

730 pounds of meal, at $20 per ton *. 7.30 

913 pounds of hulls, at $3.50 per ton 1.60 

27 pounds of linlers, at 3.0 cents per pound .81 

Total value of prducts per ton of seed $21.60 

Less cost of manufacturing per ton 4.00 

Net proceeds of ton cottonseed $17.60 


These values would be materially increased by including the 
value of the meal after it has been converted into fertilizers and the 
oil after it has been carried through the various channels of refme- 
ment. Excluding refineries and fertilizer mills, the total value of 
cottonseed products this season is $76,233,230, an increase in the 
value of the seed of $20,717,945, or 37.3 per cent. 



CHAPTER IV. 

CO'l'J'ONSKKT). 

Proximate Composition Chanutcr of the See(l and its Influence upon the 
Yield and Quality of Oil Classifuation Storage Ilandlin^^ Seed 
Cleaning Reginning Huirng Separating Meats and IIulK Crush- 
ing 

Proximate Composition. — The products of ginning, previously 
described, are lint cotton and cottonseed. For the former jirodiict, 
ginning is the first step in the mechanical utilization of the fibre 
in thc;^ textile industry'; for the latter jiroduct, it is the first step in 
the utilization of the seed for oil and the associated products, linters, 
hulls, and meal. Seed as received from the gin is co\ered with a 
fuzz, or tuft of short hairs, which is the remnants of the fibre not 
completely removed by the first ginning. Sea island and Kgy])tian 
seed differ from upland cottonseed in the absence of lint, which 
lint after reginning amounts to about lo percent, of the total weight 
of the seed. Ginned seed is composed of about equal jiarts of 
kernel and hull. The kernels yield about 25 per cent, of oil and 
75 per cent, of meal. 'I'he hulls arc composted of 2.2 per cent, of 
linters and gy.S per cent, of hulls. The proportions of the com- 
mercial ingredients of seed from the gin are as follows;* ^leal, 
37.5 per cent.; oil, 12.5 pier cent.; hulls, 48. c) pier cent.; linters, 
i.i per cent. These figures indicate the procedure of c’ixision 
at the time the data were obtained, but arc not absolute, as there 
must be, from the character of the jiroduct, more or less cariation. 
By averaging analyses from various sources the following results f 
were obtained, which represent very' nearly the actual weights 
of different parts of the seed: 


* Tenth Census. 


t Bull. 33, U. S. Dept, of .\gr. 
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Kernels, 54.22 per cent., yielding: Per Cent. 

Oil 36.88 

Meal 63.12 

100.00 

Hulls, 45.78 per cent., yielding: 

Linters 27.95 

Hulls 72.05 

100.00 

In the whole seed : 

Meal 34*22 

Oil 20.00 

Hulls 35.78 

Linters 10.00 


100.00 

Whole cottonseed has been used in the past to some extent as a 
feeding-stuff, but its use for this puqiose has now been practically 
abandoned in the vicinity of oil-mills, because of the facts that (1) 
the lint on the seed and the dust it collects are likely to be injurious; 
(2) it Is not easy to mix the seed thoroughly with other coarse feeds; 
and (3) the seed is disposed of to better adVantage at the oil-mills. 
Its food value is shown by the following summar)',* compiled from 
25 analyses: 


TABLE G.— FOOD CONSTITUENTS OF COTTONSEED. 





Fresh, (jr Air-dry, Material. 


] 

Water. 

Ash 

1 

Protein. 

] 

Fibre. 

Nitn >>?cn- 
free 

IJxtract. 

Fat. 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Minimum 

8.00 

2 . St; 

13.62 

17.60 

7-5H 

TO. 40 

Maximum 

17-51 

8.00 

29.70 

32.40 

36.70 

26.34 

Average 

«.d 2 

4.74 

ltl.38 

22.57 

23.1)4 

19.45 


The digestible f(X)d ingredients in 100 pounds of cottonseed, 
as determined in a number of digestion experiments, are as follows: 


Bull. 36 , U. S, Dept, of Agr. 
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Dry matter, 89.7 pounds, of which the protein is 11.08 pounds; 
carbohydrates, 33.13 pounds, and fat, 18.44 pounds. 

Protein is a term used to include nominally the total nitroge- 
nous substance, which consists of a great \ariety of chemital com- 
pounds which are conveniently divided into two classes, viz., pro- 
leids and non-proteids. Actually the term is used to designate 
the product of the total nitrogen, ascertained by suitable analysis, 
by an empirical factor, 6. .>5. As the proteids contain about 16 
per cent, of nitrogen, this factor is generally accepted for .bodies 
of this class. 

Fibre is a term ap])lied to substances allied to carbohydrates, 
but insoluble in dilute acids and alkalis. They constitute the 
frame-work of plants and are, as a rule, the most indigestible con- 
stituent of feeding-stulTs. 

Nitrogen-free Extract includes all carbohydrates, as starch, 
sugar, gums, etc., which constitute the most important })art of all 
feediifg-stuffs. In analysis it is determined by dilTerence. 

‘ The term “fat” is applied to substances of mixed character 
forming the ether extract, and may include besides real fats other 
bodies, as waxes, coloring-matter, lecithins (nitrogenous fats), etc. 

Formerly, whole cottonseed was extensively used as a fertilizer 
in the South, care being taken to kill the .seeds by causing them to 
ferment cither in compost heaps or simply in large piles kept wet; 
but this practice has been largely abandoned, the seeds being dis- 
posed of at the oil- mills either for cash or in exchange for meal at 
the rate of i ton of seed for 800 pounds of meal. The following 
summary, prepared from the results of 15 analyses, will serve to 
indicate the fertilizing value of cottonseed:* 


TABLE 7.— FERTILIZING (T:>NSTITUENTS OF COTTONSEED. 



Water. 

Ash. 

Nitrugen. 

Phiisplioru. 

Acid. 

Potash. 


Per Cent. 

Per Cfftt. 

Per Cent. 

Per Cent. 

Per Cent. 

Minimum 

704 

2,80 

1.9O 

0.76 

0-78 

Maximum 

9.51 

4.96 


ll 


Average 

8.42 

3.78 

113 

1.27 

1.17 


♦ Bull. 36, U. S. Dept, of Agr. 
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Character of the Seed and Its Influence upon the Yield and 
Quality of Oil. — The cotton-plant rccpiires from five and onc-half 
to six and onc-half months for maturity, and under the various con- 
ditions affecting the growth, uniform quality of seed is hardly to 
be expected. The quality of the seed, aside from var}dng degrees 
of maturity at the time of picking, viz., unripe, half-ripe, and ripe, 
is a resultant of conditions prevailing during the growth of the plant 
and of the time and nature of storage before the seed is treated for 
oil. Quality of the seed is the most important consideration of 
the cottonseed-oil miller, for the (piality of the raw material deter- 
mines not only the quality of the oil expressed from it and the per- 
centage-yield of oil as well, but it affects also the (luality and yield 
of the products obtained from the crude oil. Inferior seed invari- 
ably produces inferior crude oil. The working up of inferior seed 
in var\’ing proportions with good seed and depending upon skill of 
manipulation in subsequent processes to correct its deteriorating 
influence, is largely practised, but involves great dange<i' to the 
quality of the resulting products. It is the concensus of best o])inion 
that all seed should be graded and each grade milled se])arately. 
While there may be a commercial bias to this opinion its inlluence 
on the manufacturing side should not be lost. 

The presence of moisture in cottonseed is determined by soil and 
climatic conditions and by the degree of maturity. Seed obtained 
from the first pickings of cotton contain a greater proportion of 
moisture than do seed from cotton picked later in the season. Seed 
grown in middle and lower Texas, owing to the dryer climate, con- 
tain very little natural moisture. This is also true to a degree of 
Mexican and South American seed. Seed from cotton-growing 
sections east of the Mississii)pi, particularly that grown in north- 
ern portions of the cotton belt and on river-bottoms, contain more 
natural moisture. The character of the seed with respect to mois- 
ture is a most important factor in its manipulation, as will be dwelt 
upon. 

Classification. — Seed may be classified according to ihek degree 
of maturity as unripe, half-rij)e, and ripe, and according to their 
degree of inferiority as wet, musty, or rotten. As seed are com- 
poi^'d of unstable organic compounds, their deterioration, espe- 
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daily when in bulk, under the combined influence of heat, moisture, 
and air, is very rapid. According to rules governing transactions 
in cottonseed products, cottonseed arc divided into two general 
classes; j)rime seed and olT seed. Prime seed shall be clean, dry, 
sound seed, free from dirt, trash, and i)olls. Seed not coming 
up to the requirements of prime seed shall be considered ofl seed. 
Off or damaged seed shall be settled for on their merits and com- 
parative value as against the value of standard ])rime seed. 

Storage.— The influence of the character of the seed upon the 
quality of the oil renders imperative the greatest care in their selec- 
tion and storage. Seed that has undergone any amount of heating 
will not y)roducc prime crude oil. For this reason as much of the 
seed as is practicable should be stored in bags to give ventilation. 
The bags tommonly in use arc coarse “Dundee” and “Burlap,” 
and hold from loo to 150 pounds. When stored in bulk cotton- 
seed oa upy about 80 cubic feet per ton, although they can be loosely 
stored tf) occiq)y 90 cubic feet, or j)acked into 65 cubic feet. As 
•the smallest mills cnish about 15 tons of seed j)er day and the larger 
ernes over 200 tons, considerable storage space is required. Seed 
from the whole crop are ready for the mill by the end of December 
and always suffer damage by cxj)osurc. As stated, they are a 
ver\^ unstable product, 'for even the pressure of the mass, if stored 
in bulk, esi)ecially if any ])ortion of them have been trampled on 
and crushed, suffices to cause heating and a rapid fermentation in 
the (lamp seed as they come from tl e gin, which either destroys the 
kernel entirely or renders it lit to produce only oil and meal of infer ior 
quality. Seed in storage should be kejit cool and dr\\ No plan 
has yet been devised to preserve them in large quantities, and rapid 
handling is necessary. Oil-mills maintain sced-houses and scales 
at railroad stations and eiiqiloy agents to purchase seed as the 
wagons bring them from the gins, 'riiey are stored and, as occasion 
offers, shipped in bulk in box-cars. Smaller mills obtain most of 
their seed directly from the gin by wagon. 

FlandliAg Seed.— Throughout the construction of a cottonseed- 
oil mill, the dilTiculty of seed-clogging spouts and passageways 
must be confronted. The seed are covered with lint, left b\ the 
cotton-gin, which prevents them from flowing freely like corn, wheat, 
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etc. Inclined passageways, or chutes, should not be at a less angle 
than 45°, and then it is necessary to have plenty of room. The 
adhering lint tends to hold the seed together when in bulk, and 
effectually precludes the use of any hopper or bin where they may 
be expected to accumulate and How out freely. 

For horizontal transference of seed, s])iral steel conveyors of 
the type shown in Figs. 15 and 16 are commonly used. They vary 



Fig. 15. — End Drives of Horizontal ronv<\vor. 

in size from 6 to 16 inches in diameter, and in speed according to 
the (juantity of seed handled and the time in which it is desired to 
transport them. The direction in which the seed are moved depends 
upon the direction in which the conveyor is made to revoke. The 
manner in which j)ower is a])])lied, corners turned, and the construction 
and lining of the conveyor lioxes, are shown in Figs. 15 and 16. For 
\ertical transference, elevators, of which various types are shown 
in Fig. 17, are used. These consist essentially of single or double 
sj)rocket-chains, or leather or cotton Ixdts, moving upon sjiecially 
constructed sprocket-wheels or pulleys located at the jjoints of 
receipt and discharge of the material to be elevated. The buckets, 
which may be of various sha]K‘s and sizes, are attached at uniform 
distances to the chains or belt. The ca])acity of an elevator is deter- 
mintd by the size and number of buckets and the sj)eed at whiih 
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the chain or belt moved. The elevator u surrounded by a dust- 
proof case which is attached to a hopper or box at the bottom, into 
which the material to be elevated is discharged, and into which the 
empty buckets dip as they descend. 

Cleaning. — The seed as received from the gin arc contam- 
inated with valuing amounts of foreign matter, as bolls, flocks of 
lint, pebbles, sand, earth, twigs, leaves, nails, bolts, bits of metal, 
pieces of wood, etc., which must be removed. The seed are trans- 
ferred -by elevator and conveyor from bins in the storage-house to 
the boll-screen. This is an inclined revolving screen or reel of 
cylindrical or hexagonal cross-section, with perforations suflicicntly 
large to allow seed and foreign matter of equal bulk to fall through, 
while foreign matter of greater bulk is discharged at the farther and 
lower end from the feed. The boll-screen may be made of j)cr- 
forated metal or coarse wire netting, and makes about 20 revolu- 
tions per minute. From the hopper beneath the boll-screen, the 
seed with foreign matter yet unsej'arated are transferred to a smaller 
screen similar in construction and operation. Here the perfora-’ 
tions Ijcing smaller, the seed are retained, while sand and earth fall 
through. The screens var\’ from 3 to 5 feet in diameter, and from 
8 to 18 feet in length. In some mills one screen, made of two sec- 
tions of netting of different mesh, is made to answer (see combined 
sand- and boll-screen, Fig. 18), but where ample cleaning capacity 
is desired, the arrangement i> for two screens as above described. 
From the sand-screen the seed are transported to a blower where 
foreign matter still retained is separated by means of a current of 
air. The final step in the mechanical cleaning of the seed consists 
in blowing the seed in a thin layer upon magnetized bars or plates, 
which serve to remove fragments of metal, nails, etc., which have 
escaped separation in the precerling steps. Matter collected in this 
way i> removed from time to time. 

In this preliminai*)' mechanical treatment of the raw seed the 
loss in w'cight arises from two sources, viz., sejiaration 'of mixed 
foreign matter and evaporation of natural moisture of tlie seed. It 
amounts to about 6 per cent, of the weight of the original seed. 
With green, damp, or ver)^ dirty .seed, the loss in weight will exceed 
this- Imperfect removal of foreign matter results in abuse of the 
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sections. Some ginners add all refuse from the condensers to the 
seed. Where lack of care in this respect is practised, large waste 
is experienced, as high as 250 pounds ])cr ton, and large screening 
surface is recpiired. 

Reginning or Delinting. — The delinter (Fig. ig) is similar in 
construction to the gin for seed cotton described oi\ page 6, 
but the saws arc set more closely together and with imer teeth, 
mechanical conditions made necessary by the shortness of the fibre 
to be .removed. Instead of 60, 70, or 80 saws as in tlie ordinary 
gin, to6 are the usual number. An electromagnet may l)e attached 
to the hinges which hold the feed-board of the delinter, 01 the mag- 
net may take the jdace of the feed-board. The poles of the magnet 
extend across the entire length of the board, thus presenting a \cry 
powerful and uniform magnetic jield. 

The advantage of this ]>osition is very api)arent, as the seed pass 
over the magnet slowly and evenly, thus enabling the magnet to 
catch all metallic su])stances, large or small. , , 

The magnet is in full view of the man who is in charge of th^ 
linters, and he can easily remove all metals from the magnet, so 
there will be nothing to prevent an even Ilow of the seed. 

The destructive effect of any metallic object upon the saws of 
the delinter renders the necessity of procaiUion of this nature very 
apparent. The purpose of delinting is to remove more completely 
the short fibres which form the ‘dintersf’ Their removal improves 
the cpiality of oil and cake, makes the seed easier to handle, retards 
fermentation if storage is required, and improv(.‘s the hulls for stock- 
feeding. The products of delinting arc the linters, which pass to 
the condenser attached to the delinter, where they are formed into 
rolls which are removed at intervals and baled, and the seed, which 
arc now ready to be hulled or decorticated. 

It is not desired in American practice to completely separate 
all fibre from the seed, as the portion allowed to remain assists 
in the separation of the meat or kernel from the hull. With faulty 
manipulation, however, a second delinting may be necessary. Sea- 
island cotton is entirely freed from lint by the first ginning, and is, 
therefore, not reginned at the oil-mill. Upland cottonseed vary 
in.thci quantity of lint which remains after the first ginning, some 



COTTONSEED. 


51 


carrying consi(]cral)le lint, while other seed a])|)r()ac'h very closely 
the condition of the s(\‘idsland variety. Tabh' 3 shows lliat the 
C|iiantity of lint st'ciired by the oil-mills from the necessary reginning 
of the seed varied from 19 to 26 pounds per ton, and that the aver- 
age for the United States was 23 j)ounds ])er ton. Linters, or delint, 
as tlie sliort fibre is also called, find extensive application in the arts, 
and arc available for most pur|)oses for which ordinar\ lint cotton 
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is used, but command a much lower price. Paper, hats, carpet 
yarns, and cheap cloth represent the chief consumptive outlets. 

Hulling. — Hulling, or decorticating, has always been a very 
dilTicult process, owing to the varying conditions of the seed. When 
it is thoroughly dry and free from an excess of lint, it is not so hard 
to accomj)lish, as then the hull is easily broken and kernel, or “ meat,” 
is loose and drops out of the cracked hull. But when the seed are 
not well matured, damp, and soft the hull will not break, but mashes 
so that it is hardly possible to get the meats from the hull, and under 
such conditions seed must be cut and not mashed. 

The hulter (Figs. 20 and 21) consists essentially of two concentric 
cylinders, the outer one stationary and the inner one attached to a 
shaft carrying a pulley by which power is applied. The inner cylinder 
carries knives set into its circumference. These knives, 9 to* 17 
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in num])cr, according to the caj)acily and construction of the hullcr, 
are called “cylinder” knives, in contradistinction to the “breast” 
or “concave” knives, set into the concavity of the outer, stationary 
cylinder. The breast knives arc adjustable and can be set a 
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desired from one thirty second to three-sixteenths of an inch from 
the peri[)hery of the Revolving cylinder knives. The huller j)roper 
is surmounted by an adjustable feeder, which admits of a R'gular 
and uniform feed and is provided with a clutch by means of which 
the feed* mav be varied at will. 'The inner evlinder revolves at 
high speed, usually iioo to 1200 revolutions per minute. 

The i)urpose of the huller is to loosen and detach the hull, or 
j)ericarp, from the kernel of the seed. This it docs by cut 4 ing and 
cracking, with sound, dry seed, the hard and brittle hull. 
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The hullers do not, as a rule, remove the cndocarp, or outer 
skin — i.e., the membrane l)et\veen the shell and kernel. The endo- 
carp for the most part remains on the kernels and is disintegrated 
when they are passed through the crusher-rolls and reduced to a 
uniform meal. 

d'he cylinder kni\es must be kept true with the cutting edge. 
In setting cylinder knives, first put in all the knives; then set the 
knife that has the longest edge to the top breast knife so that it just 
clears and is parallel with the edges, then pack up with paper 
all the other knives, until all cutting edges are true in circumfer- 
ence Tht' edges of the cylinder knives must form a true circum- 
ference' to do good wajrk, and must be firmly attached to the cylinder. 
The breast knives do the cutting, and should be kept sharp, and the 
first tw'o of which that receive the seed should be set back a little 
more than the others. The discharge must be kept free so that 
the seed is not carried around the second time or more aftc'r being 
cut. If the huller is not projierly set or spei'di'd, all the s^ed will 
not be cut and whole si'ed may pass through. 

The meats with the adhering craiked and detached hulls arc 
discharged from the huller and conveyed by elevator to the meat 
and hull separator. 

Separating Meats and Hulls. — hor this jiurpose a device, a form 
of which is shown in Mg. 22, i^ employed. It closely reseml^les 
the boll-screen (Fig. i8j in construction. .\ reel covered with a 
wire screc'n revolves about 20 revolutions jier minute. The mass 
of chopped seed, meats, and hulls discharged from the huller are 
elevated to the top cjf the casing inclosing the screen and discharged 
upon it. The meshes of the wire screen effect a se[)aratic)n of hull 
and. meat by allowing the latter to [)ass through the screen, while 
most of the hulls collect in the screen and are discharged from one 
end and conveyed to the hull-house. The meats are discharged 
from the hopper beneath the screen upon the shaker, or oscillator, 
oscillating about 250 times per minute. The lint adherihg to the 
hulls that remain with the meats causes them to “ felt” together in 
w^ads as they are tossed upon the shaker and prevents them from 
falling .through with meats as they are sifted out. Naked seed, 
notal ly from Egyptian and sea-island cotton, do not permit of as 
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thorough a separation of meal and hull, owing to the absence' ol 
lint, and as a result oil and cake made from them is of inferior (pud 
ity. By reference to Table it will he seen that the average yii'l 1 
of hulls from 2000 ])ounds of seed in the United States is (943 pounds, 


lo(. 22. Meat .iiul Hull Separator. 

Crushing— 'I'lu- i)uri)osc of crusliing is to rupture the oil cells, 
and to so break down the structure of the kernel that all parts may 
be etiually ex[x)sed to heat in the cooking process, whereby jhe mass 
is.thoroughly and uniformly softened, thus permitting the free5j»i^grcss 
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rolls by adjustable weipjhls. The rolls arc held together by heavy 
coil s])rin^s which ^ive sulTicient pressure to thoroughly cnish jibd 
break the oil-cells, but will yield and allow any pieces of metal thi^ 



Fig. 20. — Ft)ur-lu^li T.iiuleiu l)cltfd Ctu^hcr 


might ]ii)Nsil)ly got in with the mnals In ixiss through wilhoi I injury 
to the rolls. 'I’lic (nislnT is surniounlnl by a fi'cd-ho.x in whicli is 
a llutcd n»lU-r, drivun by a bell, that feeds evenly and regularh the 
entire length of the roll and has a eluteli so that it may lie shut off 

instantly in case of a sudden stop. 

The ileaned kernels are carried by conveyor from the oscillator 
to the feeddio.v above the crusher, whence they are evenly dist.'buted 
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in proper quantity to the rolls and pass in succession between each 
pair of rolls whose smooth hard surfaces and heavy weights mash 
them into thin flakes, crushing every oil-cell. 




Fig. 27. — Four-liij^Hi 'J’.JiKkni (.’rusher. Diivni on One S«(le. 

It is very important that the crushers be operated jiroperly and 
that a uniform, uninterrujked feed be ke[)t upon the rolls. Any 
delinquency whereby the meats are imperfectly ground as a result 
of hasty, irregular, or intermittent feeding affects materially ^he 
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yield of oil in the [)ress. All sweepings of untrushed kernels should 
be returned to the separator shaker and not allowed to go in with 
the crushed meats. When the meats are uniformly well crushed 
and soft, the cooking is more cfliciently done and the oil separated 
in the press more easily and in larger proportion. The roll should 
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run about 175 revolutions per minute. With thoroughly cleaned 
meats the efficiency of the extraction process is determined by the 
care and sivill with which the crushing is done. Improperly crushed 
meats mean inefficient cooking; inefficient cooking means a low 
yield of oil of inferior (juality and wasteful use of lilter-cloths, 
inferior oil means large waste on refining and reduced yield of suc- 
cessive grades of rehned oil. 
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Too much stress cannot be laid upon the care with which each 
step in the manipulation of the seed is performed. The steps pre- 
vious to and including crushing are mechanical; succeeding crush- 
ing, chemical inlluences enter to complicate the process and render 
more imperative the exercise of the greatest care and skill. 

From the crusher the flaked meats drop into a conveyor which 
delivers them to the heaters, or cookers. 
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Cookinj^ Meats. Cake-forniin),^ Winkle’s ModitKation of the I'Amidion 
Process Hydraulic Press. Pressinff Hydraulic Pump. Accumulators 
.'Xutomatic C'hange-valve Application of Pressure to Hydraulic Presses 
Relation of Heaters and Presses. Increasing the Yield of Oil. I se of 
TVess-cloth. 

Cooking Meats— If the cdTicicnt ])tTfc.)rmancc of one step in 
ilu' preparation of cottonseed-oil is more im])ortant thtin another, 
or if there is one in which the character of the seed has a greater 
deternlhing influence upon the yield and ciuality of the jirodiut, 
^^h^KuAiiig. As we pre^gress in our knowledge of the jtreparation 
of cottonseed-oil and its associated j)roduct, cottonseed-meal, the 
significance of the ctireful performance of each step becomes more 
apparent. The purpo^of cooking is to modify the consistency of 
the meats through \\^ that the maximum yield of oil may bi‘ ex- 
jmessed. The hea^f the cooker expands the oil in the meats and 
increases its llu^ty, coagulates the albumen, expels the excess of 
natural moist^T' by evaporation and reduces the meats to the con- 
sistency dc-mfd for the best results in the hydraulic press. 

TJj^uaters, types of which are shown in Figs. 30, 31, and 32, 
dve essentially circular steam-jacket ])ans of one-piece cast iron or 
riveted sheet steel surmounted by chutes which deliver the meats 
from the crusher, and provided with outlets, which may be either 
on the bottom or side, for the discharge of the cooked meats to the 
conveyor, which in turn delivers them to a sub-heater placed be- 
neath the egoking-heaters. 

Mechanical agitation of the meats during heating is effected by 
means of horizontal blades attached to a vertical shaft, which may 

be driven from either above (Fig. 30) or below (Figs. 31 and 32). 
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The heaters, as a rule, are provided with a live-steam coil, for 
the direct injection of steam should occasion require the addition 
of moisture, and detachable covers. The heaters are supported 
by a heavy iron frame, which also carries the driving-gear, and are 
arranged in batteries of seldom less than two, and as a rule three, 
and sometimes four or more in number. The heaters, steam- 
jacketed on both sides and bottom, are from 52 to 72 inches in 



Fig. 29. — Cross-section of Heater with Bottom Drive. 



diameter and from 14 to 18 inches deep. They differ in size and 
number according to the capacity of the mill. The steam-jackets 
are provided with pressure-gauges. Steam- traps for the automatic 
removal of water of condensation are essential, otherwise water may 
accumulate, and while the pressure indicated under such conditions 
may be satisfactory, the temperature is entirely inadequate to effect 
the evaporation re(|uired. 

It is in the cooking of the meats that the automatic mechanism. 
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I'lG, 30. — lle.iterb with Ttjp Drive, Sub heater, and Cake former. 
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which has been so far followed, is first supplemented by the judg- 
ment of the attendant, and it is upon his knowledge and skill that 
the success of the operation depends. With a battery of two heaters 
the procedure of charging the heaters, cooking and discharging the 
cooked meats is as follows: 



Fic.. 3 1 .--Heaters with Bottom Drive and Cake. former. 

The heaters are charged in succession, with the feed so regu- 
lated that when the second heater is filled, the contents of the first 
heater have been cooked and ready to be discharged into the sub- 
heater. Cooking now proceeds in the second heater <vhile the first 
heater is being filled, and so on. With three or more cooking- 
heaters in the series the same system of operation prevails. The 
length of time required for proper cooking depends upon the dry- 
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ness of the meats, varying from 15 minutes, with meats very dry, 
to 45 minutes, with green or damp meats. The steam-pressure in 
the jackets will depend upon the same conditions with regard to 
seed and upon the length of tim<- in which it is desired to complete 
the operation, and may vary from 40 to 100 pounds. With very 
dry seed it is necessj/iy to add moisture to the meats to assist in 
cooking. The direct injection of steam alone usually sufiues for 
this purpose. Green seed as a rule cooks very easily and frequently 
with such rapid evaporation of moisture that it is necessary to raise 
the cover of the cooker to allow the steam to escape before the meats 
are brought to the proper consistency for pressing. Hc'ating should 
not be too rapid to secure the best results, viz., bright, compact 
cake and light-colored oil. If cooked too much the cake is brittle; 
if cooked too little whereby an undue amount of moisture is retained, 
the meats ooze out of the press-box, injuring the press-cloth and 
producing a “leathery” cake. Hasty cooking tends to ma^c the 
oil toevred and the cake too hard. 

The tendency of the flaky meats to agglomerate in small lumps 
or ‘‘water-balls” under the action of the stirrers, may be corrected 
by subjecting the crushed meats to the action of a beater, whereby 
they are reduced to a /neal. Heat penetrates the interior of the 
“ball” with difficulty^ith the result that the action on the j)ress- 
cloth of meats centring them is the same as that of under- cooked 
meats. / 

With seed jf uniform quality, which uniformity may frequently 
be maintained for periods of several days or a week or longer, the 
stcam-pvssure may be kept constant and the time of cooking varied 
kz .ud conditions of the meats; or the time of cooking may be kept 
constant and the steam-pressure varied according to the moisture- 
content of the meats. The temperature of cooking does not, as a 
rule, exceed 220° Fahr. 

Owing to the varying character of cottonseed with respect to its 
moisturc-dontent, a system of the strictest regularity at the cookers, 
with respect to time allowed for each batch of meats, steam-pressure, 
etc., becomes impossible. The entire responsibility of successful 
operation rests upon the “cook.” His judgment and experience 
must determine the nature of the treatment followed, and with him 




-Heaters with Bottom Drive and Sub-heater. 
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must reside the responsibility for the successful results of his work. 
The right temperature, uniform distribution of the heat, and a thor- 



’X' 

^ oughly homogeneous mixture of the mass of meats arc prime essen- 
tials of proper cooking. 

The sub-heater is similar in construction and manipulation to 
the cooking-heaters. It is placed below the bottom level of the 
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cooking-heaters and receives the cooked meats from them by con^ 
veyor. Formerly the cooked meats were delivered directly to the 
cake-former but not with entirely satisfactory results, as the last 
portion of the charge remaining in the cooker was often cooked too 
much. By the use of the sub-heater, which is now general, the 
entire charge when cooked can be delivered by conveyor to the sub- 
heater and there retained without decrease of temperature until all 
is put through the cake-former. When the process is completed in 
the cooking-heater and the meats delivered to the sub-heater, it is 
essential that proper thermal conditions be maintained there. 

Cake-forming. — The cake-former, shown in its relative position 
to the heaters in Figs. 30, 31, and 32, is illustrated separately in 
Fig. 33. Its object is to shape or form the cooked meats into com- 
pressed cakes of uniform si/e and weight before subjecting them 
to pressure. In the steam-former shown in Figs. 30 and 33, the 
ram is t8 inches in diameter and is provided with an automatic 
cushioning device for the drop or return stroke. The carriage runs 
beneath the outlet of the sub-heater, from which is delivered a 
uniform (juantity of cooked meats. On the top of the ram is laid 
the press-cloth, onto which the carriage discharges its quantum of 
cooked meats. Under steam-j)ressure the j*am ascends, subjecting 
the whole to the desired pressure. The press-cloth is then folded 
over the cake, which is carried on a tray or plate to the press and 
inserted in an empty compartment. The former is amjde for four 
presses. Great care should be taken that the cakes be made uni- 
form in thickness and density, and be properly wrapped, so that 
pressure is exerted uniformly, otherwise loss is suffered through 
injury to press-cloths. 

There are various types of formers. The ram may be operated 
by direct steam-pressure as (lescril)ed, hydraulic pressure, com- 
pressed air, or driven by belt. 

Transferring cooked meats from the sub-heater to the former 
is likewise effected in a number of ways. 

Van Winkle’s Modification of the Extraction Protess. — It is 
naturally to be desired that the maximum yield of oil be obtained, and 
many patents for processes looking to a closer approximation of the 
theoretical yield have been recorded. The tendency of all manufac- 
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turing is toward simplicity of operation consistent with economy. 
Closer approximation^ to theoretical yield from raw material in 
any industry may involve greater ex[)ense, either in direct outlay 
or in inconvenience or added complexity of operatic)n, than there is 
economy secured. Experience with new ideas in the varying con- 
ditions of practical work can alone determine their value. 

Van Winkle’s ])atent relates to an improvement in the ])rocess of 
extracting cdl from cottonseed, whereby the yield of oil is claimed 
to be increased and the 0[)eration rendered cheaper, simpler, and 
more effective. In Fig. 34 is represented diagrammatically an a})i)a 
ratus for canying out the process. 

In this apparatus, a represents the huller, and h the conveyor, 
which delivers the broken seed from the huller to the elevator c, l)y 
which elevator they are delivered to the sei)arator c/, the hulls being 
discharged at the end of the machine, while the meats fall down 
into the conveyor c, from whence they pass through the chute / to 
the elevator g. The elevator g delivers them to the crushing-rolls 
m. this conveyor h is surrounded by a steam-jacket /, into which 
steam is delivered through a pipe /, the purpose of this steam-jacket 
being to heat the meats during their passage through the conveyor 
h, A steam-pipe k, provided with a valve /, connects the steam -pipe 
j with the conveyor /if This is for the puqrosc of moistening the 
meats if moisture is necessary. This conveyor //, with its steam- 
jacket and steam-pipes connected to the conveyor and jacket, is 
what may be called a '‘tempering device,” whereby the meats are 
prepared for the crushing operation. If the cottonseed is fresh, no 
moisture is needed. If, however, it is old and dry the subsequent 
operation will be much facilitated by moistening it before it is 
crushed. If the seed is very fresh, the meats are soft and sticky, 
containing in some instances too much moisture. This objection 
is also overcome by means of the tempering device, some of the sur- 
plus moisture being dried out and the meals thereby brought to 
the right consistency for the crushing. The meats after being 
crushed by the train of crushing-rolls m fall into a conveyor n, 
which delivers them into an elevator 0, which delivers them in turn 
into a conveyor p, located above the cooker q. This cooker is sup- 
plied with steam by means of the pipe r, which is connected with 
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the steam-pipe j. After the mass has been thoroughly cooked it 
is put into the press s and the oil expressed in the usual way. 



In the ordinary process of extracting oil from cottonseed the 
kernels are passed from the sepa rating-machine direct to the crush- 
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Ing-rolls, where they are crushed cold. The crushed mass is then 
passed into a steam heater or cooker and then to the J)ress, where 
the oil is extracted by pressure. The patentee has found by actual 
trial, however, that the yield of oil can ])e considerably increased 
if the cottonseed are hulled and if the meats are crushed under the 
influence of heat, either by having the rolls themselves heated or by 
heating the meats before they are delivered to the rolls, or both. 
Th is is the most important feature of \kin \VinkU‘’s process, that the 
meats should be crushed hot, either with or without the addition 
of moisture, before the crushing operation, as the condition of the 
meats requires. 

The Use of crushing-rollers, as is well known, is to l)reak iq) 
the oil-((‘lls and disintegmte the fibrous matter preparatory to the 
cooking of the crushed mass. By Van Winkle’s pnx ess, how cn er, ihe 
disintegration of the oibcells and librous matter is far more (om- 
pletely done by reason of the fact that the i rusliing is done under the 
influence of heat, and by actual ex])eriment \ an Winkle found that 
it is possible to use a much lower degrc'c of steam-pressure in the 
• cooker or digester q and a much lower degree of pressuie in the 
press 6'; also, that the amount of ju'ess-cloth reiiuired in said press 
is much less than it was under the old conditions, and that the oil- 
cake itself is more attractive and regular in appearancay being free 
from the greenish spots which often occur from balling in the lu'aters or 
cookers. \'an Winkle found by actual trial that these valualjle results 
are secured by properly tempering the meats Ijefore the c rusliing 
operation. By ‘Tenqiering” he means subjecting the meats, either 
with or without the addition of moisture (which moisture ma\ be 
cither in the form of steam or waiter), to the action of heat before 
'said meats are delivered to the crushing-rolls. \'an Winkle found by 
experiment that the elTiciency of the iirocess increases from the 
beginning until the time when the rolls are well heated up, as of 
course they will become heated by contact with the heated meats. 
An hour^ifter the use of the apparatus is begun, it is found that 
the yield ojf oil is sensibly increased. \\ inkle therefore prefers to 
‘heat the rollers in the beginning of the operation, although after 
they have once been heated up there is no necessity of continuing 
to heat them. 
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One of the serious objections to the ordinary [)rocess of extract- 
ing oil from cottonseed is that unless the seed is fresh moisture must 
be added to it to have it cooked properly. Thib is generally done in 
the cooker or digester q; but the addition of moisture to the crushed 
mass in the cooker itself has serious objections. Just as would 
happen if water were poured into flour, the crushed mass when 
subjected to the action of moisture forms balls oftentimes of con- 
siderable size, and if one of these balls were broken it would be 
found that while the exterior was properly cooked the interior would 
be practically uncooked. The result would be that when one of 
these balls got into the j)ress it would tear the press-cloth, thus 
materially increasing the expense, and would make a greenish spot 
in the pressed cake. Van Winkle overcomes this objection by intro- 
ducing moisture into the meals before they are crushed, so that 
during the crushing operation the moisture is thoroughly and inti- 
mately mixed with the crushed mass, the result being that in the 
subsequent cooking there is })ractically no formation of balls. As 
said before, some varieties of seed when fresh contain enough 
moisture, and in this case none need be added. If, however, 
the seed is old and dr\’, the operation is much facilitated by 
adding a small amount of moisture to the meats before they are 
crushed. 

Hydraulic Press. — ^The apparatus required for pressing oil from 
the cake comprises the hydraulic press (Figs. 35, 36), low- and high- 
pressure pumps (Figs. 38, 39), and accumulators (Fig. 40), which with 
their appurtenances constitute in their construction and operation 
the most delicate and complex part of the eejuipment of a crude 
cottonseed-oil mill. The operation of the hydraulic ])rcss is based 
upon the principle of hydrostatics that a pressure exerted uj)on any 
part of the surface of a liquid is transmitted undiminished to all 
parts of the mass and in all directions. Thus, if we have a cylinder 
tilled with water, in one end of which works a plunger i inch 
square and in the other end of which works a plunger, 12 inches 
square, this pressure will be transmitted undiminished by the water 
and will exert a total pressure of iX 12X12, or 144 pounds. The* 
essentials of a hydraulic press are, therefore, a small cylinder con- 
taining a plunger to which pressure is applied, connected by a pipe 



COTTONSEED. 


75 


with a large cylinder containing a plunger which transmits the mul- 
tiplied pressure to the material to be pressed. 

The modern plate-press, shown in front elevation with empty 
compartments in Fig. 35, and in side view in Fig. 36, has almost 
entirely superseded the old-style box-press, owing to its greater 
capacity, compactness, and economy both in operation and use of 
mats and bags. With the box-press the cooked meats were placed 
in woollen bags and these spread out and equallized in thickness 
on ‘‘mats.” These mats were closely woven from horsehair and 
covered with a leather back, the whole very much resembling a 
book which opens at the end. The mat was closed upon the woollen 
bag of meal, the open endof the bag being folded over itself next to the 
hinge of the mat. It was then placed in a compartment or box of the 
press. When all the boxes, usually six in number, were filled, pres- 
sure was applied. With the present plate-press, twelve to fifteen 
cakes occupy the place which, in the old box-press, was filled with 
six cakes. A very considerable increase in capacity with the same 
pressure and apparatus has thus been made possible by the sub- 
‘stitution of plates (Fig. 37) for bags and mats. 

The capacity of a press depends on the weight and number of 
cakes. A press with a^ram 16 inches in diameter contains from 
12 to 16 plates. Smaller presses with a 12-inch ram contain from 
7 to 12 plates of proportionately smaller area. The average size 
of cake made with the larger press is 14X32 inches, which, to secure 
the best results, should not weigh more than 12 pounds, although 
with well-cooked meats a cake weighing 13^ pounds may be made. 

Pressing. — The cakes of cooked meats, wrapped in camel s- 
Jiair cloth and subjected to a pressure in the former just below 
what is necessary to bring the first running of oil, are carried by 
hand on a steel plate or tray, and inserted into the empty compart- 
ments of the press until the latter is filled. The system of applying 
pressure to the press depends upon the number of presses, and in 
any case -the application is made in two successive stages. In the 
first stage a comparatively rapid movement of the ram is made to 
'bring the plates together; to take up the “slack” of the press, as it 
is called, and to allow the cloth to ‘‘set,” or conform itself to the 
shape the cake is destined to assume without injury to the cloth. 




Fki. 35. — Hydraulic Press without Change-valve — Front Flevation. 
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The pressure applied to the ram by the hydraulic pump in the first 
stage, as a rule, docs not exceed 400 pounds per square inch. In 
the second stage a much slower movement of the ram is made, during 
which the greater part of the oil is expressed by allowing the plates 
to come togetlu'r and th(‘ compressed cake to drain. During the 
first stage two-thirds of the travel of the ram is made and the oil 
started. During the second stage the i)ressurc is gradually a[)plied 
to the maximum, the cake assumes its final density, and the last 
trac('s of oil, possible under the i)ressure given and the time allowed, 
separate. During the second stage the maximum pressure applied 
to the ram, as a rule, does not exceed 4000 pounds per square inch. 
With a ram 16 inches in diameter, which is the average size for the 
modern press, its equivalent area of 201 square inches will exert a 
total maximum pressure of 804,000 j^ounds upon the cake. With 
a cake 14X32, or 448 square inches, the pressure per s(|uare inch 
will be nearly t8oo pounds. 

Hydraulic Pump. — Pressure is ap})lied by means of a hydraulic 
jmmp. With an equipment of but two presses, one pump of a 
‘speQal construction, a type of which is shown in Fig. ](), is used 
for the aj)[)lication of both low and high ]>ressure. This ])ump is 
provided with an autom^itic n'gulating- valve shown at the right in 
Fig. 3(;, and attached to the steam -})ipe. It admits sufficient steam 
to operate the ])ump at uniform speed. As the ])ressure risi^s it 
automatically admits more steam, until the maximum pressure for 
which it is set is reached; then it automatically closes and slops 
the ])ump. To the left (Fig. and attached to the hydraulic 
C}linders of the ])unq), i^ the safety-valve which limits the maxi- 
.mum pressure. With more than two presses the work is divided 
betw'een two i)umps, one for the knv i)ressure and the other for the 
high pressure. A type of low'-pressure pump is shown m Fig. 38. 
With more than four presses increased Ilexibility is given to the 
hydraulic system by the addition of an accumulator (Fig. 40). 

Accumulator. — The accumulator is a device for capialli/ing ])res- 
^ure, or for the accumulation of energy for intermittent use. It 
consists essentially of a vertical cylinder resting on a firm base and 
having a plunger working through a stulfing-box at the top. This 
plunger has at its upper end a yoke w’hich carries by means of 




Pjq 2^1 V 231" V lo" T <)W-prec‘:ure H\ <lraullc Pump. 







Fig. 40.— Accumulator. 


plunger to the top of the cylinder, where it automaticiilly stops. In 
this position the cylinder is filled with a column of licjuid which 
supports the weighted plunger on its top. As water or oil is drawn 
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off from the cylinder to sup})!}’ the })ress the weighted plunger 
descends, .always keeping .'i ])ressure on (he top of the column of 
liquid e(jual to the eombined weight of the plunger and its load. 
As soon .as the lounger descinds the pum[) resumes work and 
raises it again. By this combination of operations, water-pressure is 
‘always kej)t constant for su])plying the [)resses. Th(‘ tcaan “dead 
weight” is (ommonly aj)plied to this type of accumulator. In I lie 
‘pneumatic ” accumulator the pressure of comjiressed air rep’a es 
the weight of sup])ortc‘d me'al. .\ir is compressed b\ pumping 
water or oil into a closial vessc'! containing it. Its operation is the 
same as the' “ dc'acl-wcight” acc iimulaior. 

'khe accumulator may ix usc'd in connection with either the 
low-pressure' or tlie high-firessure [)um]), but more commonly with 
the formc'r. With the use of the imjiroved “change" valves of 
automatic t}pe, whereby pressure is transferred from the low-pres- 
sure pump t ' the high pressure pump without injury resulting 
from ^uclden applic.ation of incrc'ased pressure, the necessity of 
the accumulator is muc'h lessc-ned. 

^rhe iluicl commonly used in both the iiccumulator and presses 
is cottonsc'c'cl-oil, jirc'ferably refined. To avoid clogging and abra- 
sion, the oil should be kc*pt free from foreign matter of every descri])- 
tion. Oil in prolonged use foi this jiurpose tends to thicken and 
should be replaced with fresh oil when for any reason it becomes 
unsuitable. 

Automatic Change-valve. — The regulation of the pressure ap- 
plied to the press by the pump is effected by means of the “c liange ” 
valve, of which there are various forms. In the form showm in detail 
.in Fig. 41 the adjustment is automatic. It gives to the ram of 
the prc'ss a very high spec'd up to the ])oint where the pressure is 
sufficient to take up the “slack” of the press and to start the oil 
from the meats. From that jioint it limits the speed so as to give a 
vegy slow continuous movement. It not only regulates the action 
of%c T'*i?ss in this manner but also saves power by using high-pres- 
*St!f?S^) only after the low pressure has done its work and carried 
*the press to about its limit. 

The action of the valve is as follows: When a press is sent up 
this valve remains open and allows a free jiassage for the oil until 
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the slack is taken u]3 and pressure begins to be applied to the cake. 
This pressure, when sufticient, by acting on the |-inch piston lifts 
the lever arm carrying the weight. This forces a J-inch piston, 
situated beyond the pivot, upon its seat through which the oil has 
been passing. Immediately the speed of the press is slackened, 
but not stopped entirely, as a groove in the end of the Tincli piston 
allows a limited amount of oil still to pass. By reversing the 
piston which has a different sized groove at either end, and by 
slufting the weight, absolute control of speed and time of action is 
obtained. The lever falls and the vahe opens automatically when 
the next prc' s is sent up. 

Application of Pressure to Hydraulic Presses. — In an excellent 
practical paper on the application of pressure to the hydraulic press, 
read by J. C. Weaver before the Texas Cottonseed Crusheis’ Asso- 
ciation at Fort Worth, Texas, July, 1900, the following valuable points 
on this important part of the oil-miller’s work were brought out; 

‘‘In the application of pressure to hydraulic presses, as applied 
in cottonseed-oil mill-work, there are several points to be • con- 
sidered: a rapid movement of the ram of the presses, at the start, 
in order to take up “the slack,” that is, to bring the plates together; 
a stO[)page of this movement at the proper {)ressure in order to allow 
the cloth to set without damage to it; then a slow movement of the 
ram to allow the plates or bo.xes to close only as the oil can be drained 
therefrom, thereby again reducing the liability to injure press-cloth 
by the too rapid pressure being exerted for the })roper discharge 
of the oil through the openings provided therefor. A rapid move- 
ment of the i)resses in the beginning enables a longer drainage to 
be gotten, as the time necessary for closing the press-plates and* 
bringing them to the point of extraction of the oil is greatly reduced. 

“ On the other hand, a shorter lime for the total operation of the 
presses to the point of actual work will result in the increase of the 
capacity of the mill, with attending good results, not only in the 
increase of drainage time, but in the reduction of the labf^#: ^count^ 
per ton of seed worked. The old method of apj)lying pressure'by^ 
the means of power pumps, without any variation of capacity or 
speeds, seems to have been relegated to the past, and properly so. 
In mills of capacities of 60 tons and over, the accepted and desjred 



Flc. 41. — Automatic CJiange- (Choker-) Valve. 
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method, at this time, is the application of a high and low pressure 
either by means of belt-driven or steam-actuated pumps. That 
the high- and low-pressure application is the correct theory, from a 
standpoint of economy and proper mechanical princij)les, there can 
be no doubt, but the best and most satisfactory means of arriving 
at the result is the point to be considered. The power pump, belt' 
driven, in connection with the weighted accumulator has been used, 
and with good results. The weighted accumulator, however, is a 
cumbersome affair, taking up considerable space, and being neces- 
sarily more expensive than some other methods. The power pump 
is a complicated affair, on account of its numerous working 
parts, consisting of working-barrels and pistons or plungers, and 
their packing, cross-heads, eccentric^, cranks, or walking-beams, 
valves, etc. The necessity of operating the presses by means of 
change- valves made as a part of the pump proper, requiring the 
operator to go to the pump at each time of turning on the press, is 
also an objection. This class of pump being compelled from 
necessity to continue in constant operation, with the attending \year 
and tear on its working parts, its packing, etc., makes it especially 
objectionable. In the event of any necessity for shutting down 
the mill from any cause, the pressure on the presses ceases and the 
presses become entirely inoperative. By the use of high- and low- 
pressure independent pumps, operated by direct steam-pressure 
automatically handled or controlled by the change- valves, located 
at the most convenient place near the presses, a much simpler 
arrangement is obtained. 

‘‘ By means of a single-handed valve, (q)crating the change-valve 
proper, in connection with the valve for automatically controlling 
the high- and low pressure pumps, and this valve located at the 
presses, no time is lost. Immediately on the opening of this change- 
valve, the expansion of the compressed air, with which the accumu- 
lator is charged to a pressure of 400 to 600 pounds per scjuare inch, 
forces the oil in front of it, and lilling the cylinders of thb^^^^esses 
and the pipes leading thereto, rapidly closes u[) the slack off^e 
boxes, [)reparator>' to getting the press down to actual work, and 
does this with perfect freedom from the pulsations and thrust of 
the pump when working direct, having when the plates are brought 
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to a close much the same effect on the cloth as a|)j)lying a steady 
constant strain on a string or rope, as compared to continuous jerks. 
The low-pressure pump acts only on the accumulator and not directly 
on the ])ress-rams, except through the medium of the accumulator 
in which the pressure is stored. The automatic valve attached 
directly to the press, and being ])art of the change-valve, permits 
the low pressure from the accumulator to ojjerate directly on the 
ram until the maximum pressure for which it is intended is reached, 
by the operation of this valve the low pressure is shut off and the 
high pressure started, when the maximum pressure for which the 
1 )w })ressure is set has been reachc'd. d'he slack of the press having 
been taken up and the material in the box set, what is now needed 
is a steady pressure and freedom from pulsation, closing the boxes 
as oil is discharged from them. 1'his movement is controlled by 
wdves having ,'>mall cjpenings, known as chokers. 

‘‘At the time of the starting of the high-i)ressure pum[), the cloth 
has adjusted itself to its boxes, the* oil has been started, and two- 
thircjs%)f the travel of the ram has bc*en made, and the high-pres- 
SLiiv |)umj), acting inde|)cmclently of the low-pressurc', a^ well as 
the accumulator, maintains a constant i)ressure in the hc'adcT, which 
is steady and reliable. •Automatically operated pressure regulator^ 
close the pumt) down when the maximum pressure is reached, or 
throttles to such an extemt as to allow only such a movement as may 
be rectuiied to overcome the drainage of the oil from the material 
in the boxes and maintain pressure for which they are set. 

“ Safety-valve .■> properiv set a little in advance of the pressure 
re(|uired, both on the accumulator and the high-pressure ])umps, 
overcome any liability for damage, should any of the parts fail to 
operate protierly. 

“The steam-driven pump operates only as the pressure is needed 
for each press independently, and while it is a well-known fact that 
the use of the steam directly apidied, as in steam-pum[)s, is not 
econoniifal as comi)arecl with its use through the medium of ah 
ci#it using steam expansively; in the one the movements are con- 
stant, in the other they are intermittent. In the one the wear and 
tear is continuous, in the other it is reduced to only that time actually 
required for putting the iiressure on the presses. 
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“The cost of maintaining the one as compared to the other is 
greatly in favor of that possessing the fewer parts and sustaining 
the least wear, and this is unquestionably the steam-driven pump. 
The independence of the steam-pumps from other machinery— the 
reduction of working parts, the rapid movement of the press— is due 
to the expansion of compressed air, preparatory to exerting the 
high pressure and the saving of time thereby. The ease in handling 
of press-cloth, that necessary and much-to-bc-regretted evil genms 
of the oil-mill business, the reliability, and safety, all tend to pre- 
ponderance in favor of that system in preference to any other, and 
the favor of which this has been received and used has proven that 
careful investigators have favored a practical method and been 
willing to test its merits/’ 

Relation of Heaters and Presses.- With a capacity of 40 tons of 
seed per day the usual eejuipment is either two 52-inch heaters or 
one 72-inch heater for each pair of presses. Each 15-box press has a 
capacity of one-fourth ton of seed per pressing, which with 4 press- 
ings per hour represents a maximum daily capacity of 2/ tons. 
With fewer pressings per hour, the capacity per press per 24-hour 
day is correspondingly reduced. With three pressings i)er hour 
the daily capacity per press will be 18 tons. 

The capacity of a 52-inch heater is about 500 pounds of cooked 
meats, which, with satisfactory steam-pressure and proper handling 
of the varv’ing conditions attending the seed, can be cooked in 
thirty minutes. Thus a charge from a heater of this size will sup- 
ply one press tw'ice an hour, and two heaters cooking twice an hour 
wall supply tw’o presses eight times an hour. With the abo\e e(|uip- 
ment the supply for the presses per hour may be increased by either 
reducing the length of the cooking period or by increasing the charge 
at each cooking, which ])rocedure is not to be recommended, as it 
is invariably accoinj^anied by deterioration in the quality of the 
oil and cake. One 72-inch heater with good control of conditions 
will cook on an average 750 pounds of meats three times an hour, 
which is equivalent to a supply of meats nine times an liour for 
two pressc-s. 

A mill with an cqui|)mcnt of one 52-inch heater and one press 
will have a capacity of 10 to 20 tons of seed ])er day of 24 hours. 
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A two-press mill with either one 72-inch or two 52-inch heaters 

operated as described will have a daily capacity of 35 to 40 

tons. 

A three-press mill will work up 45 to 50 tons of seed a day. 
A four-press mill will work up 60 to 75 tons of seed a day. 

Inersasing ths Yield of Oil.— The chief concern of the oil-miller 
is to obtain the maximum yield of crude oil from seed of given (pian- 
tity and quality. This means the maximum percentage of crude 
oil in the storage-tanks and the minimum percentage of oil in the 
cake. These proportions are determined by the quality of the seed, 
which is the resultant of various conditions attending its growth 

and handling and the manner in which it is transformed into its 

products. The ingenuity of the chemist and engineer are directed 
most to the latter aspect of the industry. Among numerous sug- 
gestions for increasing the yield of oil is the invention of E. L. John- 
son, of Memphis, Tenn., which consists, essentially, in mixing 
with a mass of cottonseed kernels a limited quantity of cottonseed- 
bran ^mllicient to make the mass porous, so that it shall yield up the 
oiljnore readily when pressed. 

The descriptive character of Johnson’s si)ecirication warrants 
its reproduction: , 

“In the manufacture of cottonsec'd-oil two general methods 
have been adopted. One is to hull the cottonseed, cook the ker- 
nels in a heater, draw off the heated mass into a former, where the 
mass is formed into cakes, and then subject these cakes to hydraulic 
pressure to press out the oil. This gi\es a good cpiality of oil, but 
leaves a considerable j)ro|)ortion of the oil in the cake. Ihis is the 
method usually practised in this country. The other method, 
which is usually practi ed in Ihigland, is to roll the entire seed with- 
out separating the hull from the kernel and otherwise treat them 
as above stated. This gives an inferior (juality of oil, because the 
presence of the hulls in the mass while it is being cooked is detri- 
mental. / The hulls are about half of the mass. 

“Thave discovered that by introducing a proper, limited pro- 
portion of the bran after the mass of kernels is cooked a larger yield 
of oil is secured without in any way diminishing the (luality. In the 
first method described above it is a rare exception for the cake to 



90 


COTTONSEED PRODUCTS. 


retain less than 8 per cent, of the oil, while it frequently runs as high 
as 15 to 18 per cent., and the general average by this })rocess in mills 
in the United States at the present time is about i2,\ per cent. I 
have never found more than 8 per cent, of oil left in the cake by my 
process. 1 have found it to run as low as 6.4 })er cent., and believe 
that under more suitable conditions the test will not exceed more 
than 5 percent, of oil left in the cake. In my process 1 hull the s('ed, 
sc])arate the kernels as in the first process above stated, and then 
either add and mix in the cottonseed-bran before or after rolling 
and before cooking or add and mix in the bran in the heater when 
the meats are almost or quite cooked. 

“The first of these processes is the more convenient and jiref- 
erable when the (juality of oil is not of so much importance, but 
the second, where the bran is added after the cooking is nearly or 
c[uite complete, gives a better (juality of oil, for the coloring matter 
in the cottonseed-bran is not then cooked or steamed out, nor is it 
liberated in the oil by pressure, as is very apt to be the case when 
the bran is added before cooking. When the kernels are <^joked 
and the mass is tdjout to be carried into the former, 1 add to* the 
mass of kernels cottonseed-bran to the amount of about 10 per 
cent, by weight, and thoroughly mix the br^in throughout the mass 
of kernels. This requires only a few moments, and before the ker- 
nels have time to produce any elTect on the character of the oil I 
remove the mass from the heater and form it into cakes and press 
it, as before explained. I obtain thereby, with no more pressure 
than is usually applied, about i\ per cent, more of oil, and the oil 
is of as good a quality as by the present process. Another advan- 
tage of my methofl, however, is that the bran gives a greater con- 
sistency to the cake than when only the kernels are used. The 
result is that when pressure i^ apj)lied there is not the same strain 
upon the press-cloths and these are less rapidly destroyed. Further- 
more, I am enabled to use higher pressure than economy of press- 
cloths at present admits of, and therefore obtain a larger^ increase 
in the oil than above stated. 

“ While I do not limit myself to any theory upon which to explain 
this operation, 1 believe the fact to be that the larger yield of oil is 
due to the increased porosity of the cake, which results from mixing 
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the bran with the kernels. In the second or English method above 
explained there is an increased porosity, but the bran itself absorbs 
and retains a considerable (juantity of oil. With as much as 50 ner 
cent, of bran present in the mass the absorption by the bran olTsets 
the advantage whicli would otherwise arise from increascal {)orosity 
in the mass; Init in limiting the quantity of bran an increased yield 
s obtained, and by adding the l)ran just before the mass is removed 
from the heater to the former the deterioration of the oil is pre- 
vented. 

“ The quantity of cottonseed-bran which I must use runs* from 
2 ] to 30 per cent. A larger quantity than 30 per cent, offsets the 
advantage (d using bran by its own absorption of oil, and a smaller 
quantity than 2 \ per cent, produces no appreciable increase in the 
yield of oil; but, while stating these limits within which my process 
is practicable, as a matter of fact 1 find it generally desirable to 
use about 10 per cent., as stated. 1 do not wish to limit myself 
to this pro])ortion because the conditions existing at various seasons 
and at >lifferent points of manufacture — as, for instance, the relative 
*pricg of oil and cake, the use to which the oil and cake are to be 
put, and the market demand — vary so much from time to time and 
place to [ilace that it m^y be desirable to depart somewhat widely 
from the 10 per cent, which I prefer to use. 

“ Cottonseed-bran is the dark, solid })ortion of the hull of the 
cottonseed from which the short cotton fibre has been removed 
and is already upon the markd as an article of commerce. 

“ I do not in those claims in which no percentage of cottonseed- 
bran is definitely stated limit myself to the preferred percentage 
^of 10 per cent, thereof, as such percentage is not necessary, and my 
invention includes the use of the bran within the broader propor- 
tions hereinbefore stated.” 

Use of Press-cloth.— The cloths used for inclosing the cooked 
meats is of closely woven camels’ hair. Their deterioration in use 
is no sm;*!! item of expense in oil-mill operation. Their cost per 
ton of seed* when the latter are treated under the be^t conditions 
•should not exceed ten cents, but this ligure is often doubled. Ihe 
life of ])ress-cloth is determined by the quality of the seed, the effi- 
ciency of cooking and the care used in a^iplying pressure to the 
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press. Unevenly formed cakes are destructive of cloths, inasmuch 
as they cause the cake to “creep” in the press. The deleterious 
influence affecting the cloth is moisture. This factor comes into 
first consideration with the seed. Insuflicicntly cooked meats, 
whereby an undue amount of water is allowed to remain, are the 
chief source of injury to press-cloths. Prime cottonseed arc least 
injurious. Off seed, such as half-ripe and unripe seed, that are 
abundant at the beginning of the oil-mill season, and frost-bitten 
and heated seed, work the greatest injury through carelessness in 
expelling the excessive moisture in the heaters. Under-cooked 
meats under ap[)lication of pressure resist the separation of oil with 
such tenacity that the press-cloth yields instead. Water-balls, the 
formation of which is described in the section devoted to cooking 
meats, likewise rupture the cloth, through the resistance to pressure 
of the uncooked meats in their interior. Sudden application of 
pressure to the press by too rapidly running it u]) when filled, rup- 
tures the cloth. By the use of automatic “change” valves, high 
pressure is applied at a point just below that at which the o’l freely 
flows. It should be applied very slowly, for which automatic arrange- 
ment is made at the high-pressure pump, whereby at the time of 
change from low to high pressure steam is, admitted very gradually 
to the i)umi); the limit to maximum pressure is also automatically 
controlled. With the improved devices for controlling the pressure, 
the loss of press-cloth continues almost entirely from improper 
treatment of the seed during heating. 

The deterioration to which press-cloths or mats are su])jected 
has directed much ingenuity to their improvement whereby they 
mav ]je enabled better to withsUind high j)ressure without rupturcy 
and without allowing meal to pass through the cloth. A recent 
jjatent by Werk * relating to improvements in press-cioth contains 
much information as to this im})ortant aspect of oil-mill work. 

“In the manufacture of mats for oil-presses it is desirable to 
use animal hair, Ijecause such a cloth or mat gives a cleaner oil than 
mats made of fibrous or other materials, and this is due to the fact 
that the oil when expressed from the material goes through the cloth* 
or mat and is not forced out at the sides, wiiere there is nothing to 

♦R F. Wcik, New Orleans, La. Letters j)atent 758,572; April 26, 1904. 
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prevent the loose meats from washing out with the oil. Mats made 
of animal hair are also superior, owing to the absence of sediment 



in tlK' oil, which when present in the product requires to 1)C elimi- 

* naled by the process of hltration. Besides this objection the pres- 
ence of sediment serves to deteriorate tlie ciuality of the oil, to reduce 
the quantity of oil as the* net result of the pressure and the iiltration, 
and the settling-tanks re([uirc frecpient cleaning, and, Imally, the 
residue with the sediment must be rei)ressed or is entirely lost. If 
re-pressed, the residue ])roduces a dark and inferior cake. The 
employment of hair mats overcomes these practical objections and 
secures good drainage facilities for the passage and escape of the 
oil; but in this })resent invention it is aimed to produce a mat of 

* superior durability, owing to the soft tread or cushion which is 
afforded by soft weft-threads for the comparatively hard or coarse 
warp-threads in the ])ody of the mat. 

“The present invention contemi)lales an oil-press mat or cloth 
consisting of warp-threads and weft-threads, said warp-tlireads 
being comiK)sed of hard, still, coarse, and long animal hair and the 
weft-threads consisting of hard, .still, coarse, and long animal hair 

* mixed with soft, pliable, and long animal hair, the said warp-threads 
being greatly in excess per scjuare inch of the weft-threads and in 
such close proximity to each other as to cover and protect the weft- 
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threads, the warp-threads forming the selvage consisting of soft 
pliable hair. 

“Reference is to be had to the accompanying drawings, in which 
similar characters of reference indicate corresponding parts in both 
the figures. 

“Fig. 42 is a plan view of a portion of an oil-press cloth or mat 
constructed in accordance with the present invenlicm, and Fig. 43 is 
a sectional elevation of the same in the plane of the dotted line 2 2 of 
Fig. 42. 

“The mat or cloth shown by the drawings consists of a jilural- 
ity of longitudinal warp threads or strands A in the main or body 





portion thereof, a proper number of longitudinal war[)-tKveads B 
at the selvage, and the weft-threads C\ arranged to extend trans-* 
versely across the body and sehage warp-threads and interlaced or 
interwoven therewith in a manner for llie weft-threads to be en- 
tirely concealed and protected by the warf)-threads. 

“Previous to weaving the warp- and weft-threads for the pro- 
duction of the fabric or mat the threads or strands are prepared by 
selecting the proper kind of hair and twisting the same together in a 
manner to jmoduce the threads or strands of pro])er size. The warp- 
threads in the body or main portion of the mat are made of animal 
hair which is long, hard, stiff, and coarse, and hair of this charactei; 
having a thick and coarse filament is woven together to jiroduce a 
strand of the projier length and thickness. The strands forming 
the weft-threads are made of two kinds of long animal liair— first, 
hair which is hard, stiff, and coarse, and, second, hair which is soft 
and pliable. 

“It will be understood that in spinning the threads which are 
employed to produce the weft of the mat or cloth hair of mcdiunl 
texture is selected. As hair of this character is not readily obtain- 
able, it is preferred to mix long strands of hard hair with similar 



COTTOXSEED. 


95 


Strands of soft hair, and thereby produce, in the technical phrase- 
ology of hair manufacturers, a product known as a ‘medium’ grade 
of hair. Ihe threads having l)een properly intertwined to produce 
the weft-strands, the latter are emjdoyed in the manufacture of the 
mat so as to be interwoven with the warj)-strands in the body and 
the selvage of the fabric. 

“ The war])-threads .4 in the body and the sebage \\ar])-threads 
B are arranged alongside one another in parallel relation, while* the 
weft-threads C extend across the warp-threads of the Ixxly aiid the 
selvage, so as to be eoverc'd thereby. The wari)-threads in the l)ody 
and Ihe selvage of the doth are from one to eight times in excess 
per s(|iiare inch of the weft-threads in order to distrilnite the pres- 
sure of said warp-threads more e\enly over the weft-threads. 'I'he^e 
weft-threads are from two to three times thida-r than the w’arp- 
threads, and this is desirable because the w'eft-tlireads of increased 
thickness secure a more yielding and cushioning effect for the war])- 
threacls. 

“Jt^is c)])\ious tliat the employment of warp-threads which are 
bis thick as the weft-thrcxids will serve to concentrate tlie ])ressiire 
at the points wTere the w'arp and weft intersect each other; but by 
the* use of an increasecUnumber of warp-threads a corresponding 
increase in tlie points of c-ngagement of the two threads is sc'c ured, 
thereby reducing the pressure which the w'eft-threads are called 
upon to sustain. 

“'['he w'arp-threads B at the selvage are composed of long, soft, 
and pliable animal hair, the same being twa'sted togc‘thc-r in order 
to secure strands wOiich are more i)liable than the war])-threads 
^employed in the body of the mat or fabric. 

“'J'he use of wairp-lhreads in the body of the mat having the 
peculiar characteristics hereinbefore described secures increased 
strength and durability in that portion of the cloth or mat which is 
most exposed to the pressure of the meats and the press-plates, and 
by waxiving the cloth wdth the warj)s lying close together, so as to 
leave no siface betwxen adjacent wxarps, the meats are ])revented 
•from passing between the warps and coming in contact with the 
weft-threads, thus reducing the shearing strain of the meats upon 
the weft-threads and preventing the mat from splitting in a longi- 
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tudinal direction. The employment of selvage threads or strands 
made of soft hair at the edges of the mat minimizes the tendency of 
the mat to give way at the selvage, especially when the body of the 
mat is made of warp-threads which are comparatively harsh and 
coarse. 

‘‘The im])roved mat ])ossesses all the desirable drainage [)rop- 
erties which accrue from the use of animal hair, and at the same 
time it o\ercomes the objection so frapiently encountered in break- 
ing or, shearing in the direction of its length and at the body portion 
thereof, owing to the greater strain at the middle of the body wTen 
the press is closed. 

“ Anotlier advantage of the inipro\ed mat is that it may l)e folded 
longitudinally at any line either along the middle or side ])ortions 
thereof. This folding of the mat can be accomplished without 
breaking or straining the same, owing to the longitudinal and paral- 
lel arrangement of the warp-strands and the em])loyment of weft- 
strancK, which are comparatic ely more pliable and fewer in number 
than the warp-strancK.” 

Synopsis of Press-room Work.- 'I'he following is a synopsis of 
mv * press-room work: 

The meal comes into the pres^-room deSwn through the chargers 
into the cookers. The charges are graduated so as to hold just 15 
good full cakes. 

ff the meal is good and dry, f supjdy with live steam just enough 
moisture to make it form good cakes. If f am working “olT'Aneal, 
no moisture is supj)lied, but cookers are ventilated so that excess 
of moisture is evaporated. 

I think much depends on meal being of just the right consist-# 
ency — not too wet nor too dry. 

I have two 52-in. cookers, with tw'o sw'eej)s each traveling 75 
revolutions per minute. Eight ball-breakers are susj)ended through 
top of cooker to within one inch of sweeps. When w’orking good 
meal f carrx' a steam-jcressiire of from 50-60 lbs. on thl‘ cookers. 

I regulate this w'ith a reducing- valve and keej) the steam dry by 
using a steam-trap which automatically discharges the condensa-* 
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tion. If meal is ‘‘off” I use higher pressure or more heal, according 
to the cjuality of meal. 

1 cook (one j)re.ssing at a time) from 12 to 20 minutes, usually 
making a “change” every 15 minutes, allowing 5 minutes to load 
and unload press; thus retaining a pressure of 3000 lbs. [)er sipiare 
inch or 300 tons per lO-in. ram for 10 minutes. M\ cake will a\er- 
age about 12 lbs. each. Fi\e or six ])ressings are put on a pair of 
trucks, w’eighed and carried to the adjoining meal-room and slatkc'd 
to ‘‘dr\’ out.” d'he oil is carried from the tw'o presses through pipes 
to the settling-tank underneath, and from there pum[)ed to the stor- 
age-tanks. 

This completes the press-room, wha h is all done In three men. 
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COTTONSEED PRODUCTS. 

Characteristics of Cottonsced-oil. Colorinp-malter of Cottonseed-oil. Tintom- 
eter. Crude Cottonseed-oil The Filter-press Parrels and Tank- 
cars. Crude Oil from Press to Shipping-tank Determination of Free 
Acidity in Cottonseed-oil. Refining-test of Crude Cottonseed-oil. Commer- 
cial Grading of Soda-ash and Caustic Soda. Causticization of Soda-ash 
Description of Causticizing Plant. Procedure of Causticization. 

Characteristics of Cottonseed-oil.— Beyond the fact that fats 
and oils arc mixtures of different glycerides in varying i)roportions, 
in which, in the solid fat, stearin or palmitin ])redomlii\[e^ and in 
the liquid fat, olein, there is no .sharp distinction in use between 
the terms. The terms as commonly used have reference more 
to physical consistency at ordinary temperature than to chemical 
constitution. A fat licjuid at ordinary temperature receives the 
appellation, oil, and with oils of ])resent commercial importance 
the characteristic constituent is the glyceride olein. These bodies 
arc mixtures of difTerent glycerides of different melting-j)oints. 
Those termed oils we may regard as solutions of solid glycerides 
in a menstruum of liquid glycerides, which on reduction of tenq^er- 
aturc sej)arate more or less com])letely. .Advantage is taken of this 
characteristic to j>repare the stearins of commerce. 

Cottonseed-oil, like all animal and vegetable fats and oils, is, 
therefore, a mixture of different glycerides of different (Temical 
and physical properties, which in the aggregate form the characb 
teristics of the oil itself. It is evident that by removing any of the 
ingredients of the oil, the oil is to that degree modilTed. 

Oil of vegetable origin is obtained diiefly from the seed* in 
which it is present as minute droj)s within the cells forming the * 
embryo. Its function is that of a reserve food-supplv to be used 
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by the embryo during the earl\ stages of gern'ination and before suffi- 
ciently developed to absorl) nutriment from tlie soil and air. The 
proportion in which it occurs in jdants is iinersely to the starch 
content, which body is reserved by the plant economy for the same 
pur])ose as the oil, and ranges from 71 ])ercent. in the edible portion 
of pecans to about 2 percent, in barley. Tlu' oil as expressed from 
the cmbiyo contains in solution and suspension numca-oiis com- 
plex and unstable nitrogenous (om])ounds which vary in amount 
according to the temj)erature of expression. Cold-pressed oils arc 
ver}’ light in color. The removal of this extractive matter from 
the oil constitutes the work of refining, d'he decomjiosition of the 
oil is coexistent with its formation. 'Fhe formation of free fatty 
acids begins in the seed and, after tlie expression of the oil, is 
accelerated by any delay in sejiarating the accompanying nitrogen^ 
ous substances. 

Cottonseed oil belongs to the class of oils termed “semi-drying,” 
being intermediate, in the readiness with which it absorbs oxygen 
Jdc t wee n V drying ” oils, like linseed, and “non-drying” oils, like olive. 
This ’property resides in the pre.seiue of glycerides of unsaturated 
fatty acids, such as characteri/.e linseed-oil. Jn addition to the pre- 
dominant and characteristic glyceride olein, the glycerides, stearin, 
and palmitin, which form the “cotton ecd-oil stearin” obtained in 
the preparation of winter oils, and the glycerides of unsaturated and 
hydroxy-acids, which impart to a greater or less degree the proper- 
ties of drying oils, cottonseed-oil may contain according to its degree 
of purity varying amounts of the natural coloring-matter of the 
seed, together with complex and unstable nitrogenous compounds, 
and vaiying amounts of glycerides in different stages of decompo- 
sition. 

As a result of the general and increasing use of cottonseed-oil 
for edible purposes there* has arisen a veduminous litciature devoted 
to the study of its j)roj)erties and of its detection in products in 
which the occurrence of the oil is suspected. A study of these 
methods lies within the j)r()vince of food analysis, with which the 
manufacturer of cotton.seed-oil as a producer of a pure product has 
no direct interest. 

The specific gravity of cottonseed-oil depends upon its purity, 



lOO 


( ’O T7\:>NSKED PRODUCTS 


temperature, and the proportion of solid glycerides present. The 
Specific gravity diminishes as the purity increases and as the solid 
glycerides are removed. It may vary from 0.930 at 15° C. for crude 
oil to 0.9218 at 15° C. for summer white oil. The expansion of oil 
with increasing tem])erature is taken into practical consideration, 
under the rules governing transactions in cottonseed products,* for 
the determination of the number of gallons of oil from the weight at 
different tem])eratures. 

The mean absolute coefficient of expansion for fats and oils, 
for 1° as determined by experiment, is almost exactly 0.0008. t In 
Table 8, Hull. 13, Div. of Chem., U. S. Dept, of Agr., is given the 
specific gravity of refined oil at different temperatures. 

While cottonseed-oil is fluid at ordinary temperature, the fatty 
acids of the oil melt only at from 35° to 40° C. (95° to 122° Fahr.). 
The decomposition of the oil by the digester and Twitchell processes, 
as employed in the manufacture of candle material, whereby fatty 
acids are liberated and glycerol set free, permits the use of the oil 
for purposes for whidi in the natural state it would be umvirdd.* 

Coloring-matter of Cottonseed-oil, — The color of cottorfseed- 
oil arises from the presence of varying amounts of coloring-matter 
expressed from the seed with the oil. d'His coloring-matter is pres- 
ent in the seed in the brownidi glands easily oliserved with the 
naked eye on cutting a section of the seed. (.)n subjecting crude 
oil to the sulphuric-acid bleaching process, the coloring-matter is 
destroyed through the dehydrating action of the acid, d'he u^e 
of mineral dehydrating and oxicli/ing agcaits is, however, not {)er- 
missible in oils intendc*d for eclible purposes. The removal of the 
coloring-mattcT introduced into the oil from the seed without im])aip- 
ing the cjuality of the oil for caliblc* purposes is the task set before 
the refiner. J. Longmore.t in an examination of the unoxicli/.ed 
coloring-matter of the crude oil, states that it is a ])ungent golden- 
yellow ])owder slightly soluble in water, insoluble m acids but solu- 
ble in alcc)hol and alkaline solutions, and jirecipitating from the 
latter on the addition of acids. This substance is of no commer- 
cial value. It is c-stimated I to be jirc'sent to the extent of 15 [louncls 

♦Sec Riil( s, Intcr^l.ilc ('otlonsccMl ('rusluT-.’ Assoc i.itiun. 

t Hull. 0, C)lTi(c Sl.i , r. S of A|^r. 

I Hull I c ( lu in , r. S I )( |)l. of Agr. 
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TABLE K.—SPECTIK' ('.RAVITY OF RJ-.FINED C0TT0NSEI:D-( )U. AT 

I)1I'Fi:rext temimcr xtfrks. 

[Water at 15® C i A\er,i«e, ml at 1")° r).>iH at 100° So.Sj ] 
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per Ion of crude oil. TW\>> proportion, however, must vary eon- 
• sideraljly. 

Tintometer. — The determination of color of refined oils is an 
important consideration in their classification and grading. The 
Interstate Cottonseed Crushers’ Association recotr.mend for this 
purpose the use of the Lovibond tintometer, and in accordance with 
the arbitrary color scale of this instrument declare that prime sum- 
mer yellow oil shall have no deeper color than 35 yellow and 7.1 red. 
^ The color examination is made as follows: 

The oil is placed in a colorless four-ounce sample bottle; the 
depth of the oil in the bottle shall be 5} inches. The bottle shall 



102 


COTTONSEED PRODUCTS. 


be placed in a tintometer, which is protected from any light except 
reflected white light, and the reading made at a temperature of 
about 70° Fahr. If the oil is of a deeper color than the glass stand- 
ard, 35 yellow and 7.1 red, it shall not be prime. 

The tintometer was devised some years ago by J. W. Lovibond, 
of Salisbury, England, for the purpose of measuring and recording 
the colors of liquids and solids. 

Any one, unless color-blind, can use the instrument with accuracy. 

The tintometer consists of a simple apparatus for holding the 
object under examination and the standard color glasses. 

These standard glasses consist of three scales — red, yellow, and 
blue — and are numbered according to their depth of color. All 
possible shades and combinations of color can be matched by com- 
binations of red, yellow, and blue, and it can readily be understood 
that the character and depth of color of any liquid or solid can be 
measured in the tintometer by simply matching the color of the 
object under examination with the appropriate glasses. 

Each of these colored scales, as said above, consist^^j^ a large 
number of glass slips of different depths of the same color, narnely, 
either blue, red, or yellow, as the case may be. Each scale grades 
from the very lightest shade to the darkest. 

The intervals between the units or main divisions of the scales 
are equal and may be considered as the smallest difference in the 
deeper shades which the normal eye can observe. In the lighter 
shades of each scale the unit divisions arc divided into tenths and 
hundredths as the discriminating power of the eye is here increased. 

The actual dimensions of the color unit are arbitrary, but this is 
of no importance, as the divisions of the scales are equal and equiv- 
alent and serve admirably for practical work. The tintometer scales 
are not more arbitrary than any other measurement standard, and, 
what is important, do not change. 

The colors arc stable and do not fade, and it is satisfactory to 
know that a standard glass in use to-day will be of the same color 
depth to-morrow or ten years hence and can be relied upon. 

Again, if all the glass standards in use were destroyed, new scales 
exactly corresponding to the original scales could be prepared. 
For instance, if a stable freshly prepared chemical solution of known 



tO'l TON SEED -OIL. 


103 

percentage has once been accurately measured by the standard 
glasses and recorded in color units, that record could always be 
used as a basis of testing the validity of a unit or used as the basis 
for the construction of an entire new scale which would exactly 
duplicate the original. 

The tintometer color standard for j)rimc summer yellow cotton- 
seed-oil, adopted by the Interstate Cottonseed Crushers’ Associa- 
tion, is not a new standard for the grading of oil, but simply the 
adoi)tion of an accurate method for recording the present standard. 

As there' is no blue in the color composition of prime summer 
yellow only glasses from the yellow and red scales are used for this 
standard. The standard adopted as the deepest color which 5^ 
inches of refined cottonseed-oil could exhibit and still be of prime 
color, consists of 35 yellow units on the yellow scale combined with 
7.1 red units on the red scale. 

It will no doubt be surprising to some to learn that prime oil 
has so much red in its color composition, but it is a fact which is 
demonstrated by the use of the tintometer. Even the choicest 
white oil has some red in its color composition. 

The apparatus for holding the bottle of cottonseed-oil and the 
standard prime summer ^^'ellow glasses consists of a box about 14 to 
16 inches long with a cross-section of about 2X4 inches. 

At one end is a suitable arrangement for holding the bottle and 
the colored slips of glass. At the other end are peep-holes for the 
eyes. Across the interior of the box is a diaphragm containing 
two round holes so arranged that one covers the mouth of the bottle 
and the other is over the color glass. 

When examining the color of an oil the instrument is held ver- 
tically over a sheet of white paper or porcelain which reflects white 
light up through the column of oil and up through the standard 
glass to the eyes. The head is held close to the upper end of the 
instrument and two bright round discs of color are seen, one of 
which is the oil, the other glass. With a little practice the eyes can 
note the slightest differences of color. 

Cottonseed Products— Crude Cottonseed-oil. — The crude oil as 
it flows from the press is thickly fluid and of varying color, ranging 
from reddish-brown to black. It is contaminated with water, 
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the native moisture of the seed not expelled in cooking, and varying 
proportions of albuminous and coloring- matter residing in the seed, 
to the character and amount of which the color of the crude oil is 
due. The color of the crude oil, aside from refining tests, is the 
most valuable index of its quality. The properties of crude oil are 
determined by the character of the seed and the thoroughness of 
the cooking process. If the seed have been allowed to heat, or fer- 
ment, in storage, the color of the resulting oil is invariably affected, 
the degree of injury in this respect varying with the degree of change 
the seed have undergone, whether the fermentation has been slight 
or of short duration or advanced to the degree styled ‘‘rotten.” 
Hasty or insufficient cooking likewise has its deleterious effect 
upon the color of the oil. Odor and flavor of the crude oil are valu- 
able indices of the condition of the seed. 

The value of crude oil is determined by the proi)ortion of refined 
oil it will produce. This depends upon the amount of albuminous 
matter remaining after settling and upon the degree of decompo- 
sition the oil has undergone. The relation of color, amount of 
albuminous matter present, degree of decomposition, and’ }^eld on 
refining arc often contradictory and puzzling. The loss on refin- 
ing is the important consideration in the judgment of crude oil and 
is one to which the other characteristics contribute. If the loss 
on refining and the quality of the resulting oil depended solely upon 
the degree of decomposition of the oil, the free fatty-acid test 
would suffice for learning the value of the oil. It is the experience 
of oil chemists that frectuently a crude oil containing a low percent- 
age of free fatty acids will yield an “off” grade of refined oil, and 
vice versa, a crude oil containing a high percentage of free fatty 
acids will yield prime refined oil. To the experienced man the 
flavor and color of the crude oil arc ample indices of its value. 
While the free fatty-acid test is not an invariable index of the quality 
of refined oil obtainable, its exclusive use serves to indicate the par- 
tial loss on refining and to that extent is helpful. 

The avoidance of decomposition of the neutral glycerides of 
the oil should be of constant concern. Any condition conducive 
to the decomposition of the unstable albuminous matter of the seed 
likewise favors the (oxidation of the glycerides with the production 
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of free fatty acids. These conditions may arise at any time in the 
handling of the seed and are favored by the combined presence of 
heat, moisture, and air. The deleterious influence of these three 
factors of decomy^osition make clear the necessity of their ray)id elim- 
ination not only from the seed themselves, but from the crude oil 
as well. Hence crude oil should not be allowed to remain long in 
contact with ^Toots,” and, although free from “foots,” with water 
or air, or both. 

The comprehensive and true test of the value of crude oil con- 
sists of that process ^\hich will indicate the combined loss of moisture, 
free fatty acids, and albuminous and coloring matter. Thi^ is the 
refining test. 

Cnule cottonseed-oil is divided into three general grades, viz., 
prime, choice, and off. According to the rules go\erning trans- 
actions in cottonseed products, the three grades are defined as 
follows : 

Crude cottonseed-oil to pass as ])rime must be made from sound 
decorticated seed; must be sweet in llavor and odor, free from 
waiter and settlings, and must produce prime summer yellow' grade 
w'ith the use of caustic soda by the best refining methods, with a 
loss in weight not exceeding 9 j^er cent., provided any oil that refines 
with a greater loss than 9 jier cent., but still makes prime summer 
yellow grade, shall not be rejected, but shall be reduced in yirice by 
a corresponding per cent, of the contract yirice of the oil. 

Choice crude oil must be made from sound decorticated seed, 
must be sweet in flavor and odor, free from water and settlings, and 
shall pnxlucc, w’hen properly refined, choice summer yellow' oil at 
a loss in w'cight not exceeding 6 p t cent, for Texas oil and 7 y^er 
cent, for oil from other jjarts of the country. 

Oil neither choice nor prime shall be called “Off” oil, and should 
be sold by sample. 

The yield of crude oil per ton of seed is a variable factor, deyxnd- 
ing, as has been stated, uy^on geogray^hical and climatic conditions, 
as regards. the cotton-yffant, and uy)on the care used in the manipu- 
lation of the seed; thus there arc diverse and numerous inlluenccs 
affecting the yield. By reference to Table 3, the average yield of 
oil by States in the cotton-growing section, and for the entire sec- 
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tion, is given. While there may be numerous instances of higher 
yields in particular cases, the figures stated have the merit of a 
general, close approximation to accuracy for the entire territory. 
The yield of 37.6 gallons (282.7 ^^s.) is the average of yields, by 
States, that range from 35.3 gallons in the Indian Territory to 40.8 
gallons in North Carolina. American seed yields a clearer oil than 
the Egyptian or Indian seed, and the uplands seed produces a clearer 
oil than that from our seacoast. The oil made in Great Britain 
is not so clear as ours, first, because the seed is mostly Egyptian 
or Indian, and secondly, because it has not been decorticated. The 
climate has much to do with the quality of the oil. In some years, 
owing to more favorable weather conditions, the oil obtained from 
the seed grown in the western section of the cotton belt is better 
than that grown in the eastern section, while in other years it is just 
the reverse. It has been observed at cottonseed-oil mills that in 
general seed in a wet season contains more oil of poorer quality 
than in a dry season, but little is known of the change in its com- 
position due to different conditions. 

The crude oil as it flows from the press is pumped to the stor- 
?gc-tank. As stated before, among the requirements for prime 
crude is freedom from water and settlings. These separate on 
standing in the storage-tank and the supernatant, settled oil is 
racked or pumped off as required. This mode of handling the 
oil in the crude-oil mills was general until a comparatively recent 
date. This method of separation was a fertile source of trouble, 
not alone in deterioration of the oil from prolonged standing in 
contact with moisture and settlings, which invariably injures the 
oil, but in frequent mixing of the settlings with the crude oil when 
taken off. The use of the filter-press in the handling of the crude 
oil has greatly facilitated the j^rocess in that the (juality of the crude 
has been improved and the handling of the troublesome “foots,’^ 
or settlings, made easier. With the use of the filler-press the crude 
oil is handled after the following manner: Two tanks of about 
TOO barrels capacity are provided. The fresh oil from the press is 
allowed to flow into one until filled, when the oil is turned into the 
second tank and the filtration of oil in the first tank started, the 
filtered oil being discharged into the storage-tank. When the second 
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tank is filled, the first tank is empty and again ready for fresh oil. 
When the filter-press is filled, it is opened and cleaned. 

The solid matter, consisting of meal which under the old system 
would have remained either in suspension or precipitated to form 
part of the foots, in either case a fertile source of deterioration to 
the oil, is returned to the meal-bin to be re-cooked and worked over 
with fresh material. Filtered crude, being thus free from all par- 
ticles of the non-oleaginous })ortion of the seed which in their decom- 
position impair the (juality of the oil, retains its sweetness and purity 
for a long time. Moreover, as a result of a few hours’ use of the 
press, the oil is obtained in better condition than could be obtained 
by the old system of sedimentation, the time-saving being con- 
siderable. In pumping oil from the storage-tank to tank-cars or 
to barrels, frequent observations should be made during the dis- 
charge to insure uniformity of quality and particularly that the 
oil is clear. 

The Filter-press. — The modern filter-press, Fig. 44, represents 
the, old bag filter in a multiplied and more highly elTicient form and 
is 4in indispensable medium for the clarification of oil. In cotton- 
seed-oil refining it is used for the separation of suspended impurities 
of crude oil, and for thd separation of fullers’ earth used in the decol- 
orization of refined oil. It consists essentially of a number of cast- 
iron plates, grooved in various ways to facilitate the egress of the oil 
through the filtering medium, which may be either cloth or paper 
according to the material filtered and the pressure with which it is 
forced through. Closely woven duck is used for cottonseed-oil. 
The plates arc provided with an opening which may be in cither 
the centre, circumference, or comer according as the plates are cir- 
cular or square; also an outlet for the discharge of the filtrate, which 
likewise may be variously located. The plates arc covered with 
cloth hanging loosely over it but made tight around the opening 
previously mentioned by means of a hollow flanged screw. The 
plates thus prepared are set in the frame of the press which sup- 
• ports them by means of lugs on either side of each plate, and the 
whole tightened, with the result that there is formed a scries of cloth- 
lined filtering chambers for the deposition of solid matter in layers 
or cakes. The oil is pumped into the press and into each chamber 
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through the opening in the plate and doth and finds egress through 
the outlet in each plate. 

As filtration takes jilace on both sides of each filtering chamber^ 
the deposit forming the cake is built uj) gradually, wliich in so doing 
increases the dejith of the filtering medium, until it meet^ in the 
middle. At this stage liltration is retarded by the quantity of solid 
matter in the chambers and when completely filled liltration ceases. 





FlCi. 44, — Thirty. inch Filter-prcbb with Thirty-six Plates. 


The residual oil in the cake may be blown out with either steam 
or compressed air. These portions should be returned to the crude 
tank. The efficiency of a filter-jiress de[>ends upon tlie (instruc- 
tion of the i)late (Fig. 45); its cajiacity depends upon the dimensions 
of the plate, which may vary from 18 to 36 inches stpiare with s(|uare 
plates and from 18 to 36 inches diameter with round jilates, and 
upon the number of jilates which is determined by th'‘ amount and 
character of the material to ])e filtered. 'Fhe thickness of the cake 
may be increased within ])raclicable limits by the insertion of frames 
(Fig. 46). The switch-cock and double gutter shown in’Fig. 47 arc 
a very useful arrangement for scqiarating jiress washings from the 
clear filtrate. In case of an accident to the cloth while the press is 
in operation, the turbid filtrate from any chamber can be returned 
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~ A 24-inch press is located on a platform above the crude- and 
filtered-oil tanks, the former of which receives the fresh oil directly 
from the hydraulic press. The pump receives the crude oil from 



Fig. 47.— Switch-cock and Double Gutter. 



Fig. 48. — Filter-press Plant for Crude Cottonseed-oil. 


the crude tank and forces it through the pipe D to the press 
The gauge and air-chamber N are connected to the head of th( 
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press; to this is screwed the relief valve M. Below this the 
tee Q is connected to receive the steam- or air-supply for blowing 
out the press. Below this comes the check-valve JB, then the 
union connecting pipe D leading to the discharge-pipe or the 
pump. Where the press is equipped with switch-cocks and double 
gutter, the wide portion of the gutter K, which takes the filtered 
oil, should be connected to the filtered-oil tank through pipe G, and 
the other portion of the gutter should be connected by pipe E to 
the crude tank. The drip-pan of the press should be connected by 
pipe F to the crude pipe A. 

When the chambers are filled with solid matter, filtration ceases, 
relief valve M opens and returns the crude oil to the crude tank. 
This stage is indicated in advance by the reduced filtrate and 
increased pressure on the gauge. The press is now steamed or 
blown out, the washings being returned to the crude tank. The 
nuts on the side screws arc then loosened and the blocks L taken 
off. A man on each side of the press shoves back and loosens 
each cake, which drops in the pan beneath the press. After 
removing the cake the press is tightened up and is again ready for 
use. 

Barrels and Tank-ckrs. — The penetrative power of cottonseed- 
oil and the readiness with which the refined oil absorbs odors and 
becomes tainted require that all packages containing it be thor- 
oughly clean and absolutely tight. In former years second-hand 
barrels, chiefly from the linseed-oil and petroleum industries, were 
commonly used, with the result that much dissatisfaction was created 
by deterioration of flavor of the oil by contact with imperfectly 
cleaned barrels. Rules governing transactions in cottonseed prod- 
ucts now re(iuire that barrels for refined oil must be good, new, 
hard-wood iron-bound barrels or thoroughly cleaned refined cotton- 
oil barrels painted or varnished, and must be delivered in good 
shipping order. The reciiiirements of barrels for crude oil are 
not so stringent. It is reejuired that barrels for crude oil shall be 
good, ne(v', iron-bound barrels, pro|)erly silicated, or thoroughly 
steamed and cleaned refined-petroleum barrels. 

The specifications for a cottonseed-oil barrel demand that it 
^ shall be made of hard wood, usually oak, thoroughly seasoned and 
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provided with at least six heavy iron hoops fitted perfectly tight. 
For the prevention of leaks, the barrels are coated on the inside 
with silicate-of-soda solution. 

Tank-cars were originally used for transporting petroleum. 
The superior economy of their use in shipping large (quantities of 
similar material was soon recognized and they are now generally 
employed for linseed-oil, cottonseed-oil, molasses, tallow, lard, etc. 
For cottonseed-oil, they are commonly used for transporting crude 
oil to refineries and refined oil to large consumers. They are qiro- 
vided with steam-pipes for melting any solidified oil. In shipqiing 
refined oil in tank-cars the necessity for cleanliness qirevails like- 
wise as for barrels. 

Crude Oil from Press to Shipping-tank.*— Crude oil as it comes 
from the j)ress has more or less meal, lint, and other sul)stances in 
it, according as to the manner in which the meal has been cooked 
and the presses worked. 

Lea\ing all the im])urities in the oil would produce sour and 
rancid oil, off in (quality, (olor, and llavor, and such oil could, not 
be stored, d'o remoce these imqiurities from the oil w\' should use 
a filter-qiress, or ha\e ^ome way to settle the oil thoroughly. 

A fdter-qiress is decidedly the best, as it lakes out all imqiurities, 
producing a clean, clear oil, and this wall keeq) in storage-tanks a long 
time without losing its good grade. 

Oil can be settled by having a large trough or series oh troughs 
back of the qiresses running the oil back and forth, with a qiitch so 
as to let oil run \ery slowly. Place sieves or j)erf()rated iron at se\- 
eral place's, decreasing meshes or holes toward end of ilow’. A shal- 
low* and wide trough will be better than a narrow* and dee|)()n(‘, as oil 
is sq)read o\er more surface and will settle better, and the troughs 
will (al(h the most of your meal. C^e a s(ooq) made of q)erf()rate(l 
iron to remo\e the meal, or use a wooden q)a(ldle hollowed out with 
holes drilled in it to let the oil qxTcolate through. Put the meal in 
buckets and let it stand until it settles, then qxnir off the oil and j)ress 
the meal over again. Have a lank larg(' enough for two hours’ run 

* A j)ai)fr bv S WunUrrlu h, W'ato, 'I exas, and S J. I)ukr, I’iUshur^h, 'I'exas, 
read before 'I'exas ('«aionseed Crushers’ Association, Sherman, 'I'exas, May 27, 28, 
2Q, 1003 
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to run oil in from trough, and pump same out every two hours; in 
the tank there will be a good deal of meal caught again. Oil can in 
this way be settled very well, and can be pumped to storage-tank. 

A better w^ay is to have four or live settling-tanks; build a large 
trough above these tanks, say about twenty feet long with about 
eight or ten partitions; pump oil from your tank in back of the 
presses into the first partition so that it w'ill have to travel from one 
to another, and place sieves in same as in back of the presses; from 
here run a pipe nearly dow'n to bottom of tank No. i ; have all the 
tanks connected on top running from one to another, so if lank 1 is 
full it goes on to tank No. 2 and so on to No. 5. When No. 5 gets 
full pump out to the storage-tank. Once every week the storage- 
tanks should be pumped out; Monday morning would be the best 
time, and you will find that tanks Nos. 2, 3, 4, and 5 never ha\e anv 
tank bottoms or “foots” in them. A very slow' and continuous How' of 
oil as long as it is wairm will also cause it to settle well. Oil handled 
this w'ay w'ill keep its grade and can be stored a long time. Hy using 
the al)ove jirocess I have never had any soa[)-stock, “foots” or tank 
bottoms at the end of the season. 

Now' in regard to oil: good prime seed should make good prime 
oil; after it is made keeiMt so; keep everything around your presses 
clean; do not allow' any w'aste meal to accumulate around your 
presses, so that it w’ill sour and afterward be put in with your good 
meal; w'ork meal and presses .so as not to make so much w^aste; 
cleanliness is an absolute necessity around the presses; have all con- 
nections from hydraulic pi[)es and valves tight; do not allow' pump- 
oil and oil from rams to get into the good oil; the result w'ould be 
that instead of prime oil you w'ould have an off grade of oil. 

To load tank-cars, they should be closely inspected; take off 
dome-cap and valve-cap to air the lank if it is foul-smelling and 
gummed on the inside; clean the tank thoroughly either by steam 
or hot w'ater; then w'i{)e out clean and dry. That is \ cry important 
and should be done in the most thorough manner. 

Determination of Free Fatty Acids in Cottonseed-oil. — The per- 
centage of free fatty acids in crude oil is a valuable inde.x of the 
quality of the oil in so far as it serves to indicate the approximate 
loss on refining. It is not to be relied upon as indicating the quality 
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of the refined oil that can be obtained. The free fatty-acid test indi- 
cates composition. 

Procedure. — About 5 grams of the sample are weighed out in a 
wide- mouthed Erlenmeycr flask of 250 cubic centimeters capacity and 
50 cubic centimeters of 95 per cent, neutral alcohol arc added. Insert 
in mouth of flask a stopper bearing a long glass tube to serve as an 
air return-flow condenser, and heat the whole on a water-bath, 
with occasional shaking, for about five minutes. Remove the con- 
denser, add phcnolphthalcin as indicator and titrate with semi- 
normal caustic soda solution. Calculate the free acidity in terms 
of oleic acid with molecular weight of 282. Phcnolphthalcin is pink 
with alkali and colorless with acid. The color of the sample may 
be so pronounced as to interfere with a close determination of the 
end-point, in which case the alcoholic solution should Ix' diluted, 
cither by the direct addition of 95 per cent, neutral alcohol or by 
the use of a less weight of the sample. Duplicate determinations 
should be made to insure accuracy. To calculate percentage of 
free fatty acids, multiply the number of cubic centimeters of semi- 
normal caustic soda solution used by the value of one cubic centi- 
meter of the same solution expressed in terms of oleic acid and 
divide the product by the weight of sample taken. 

According to rules governing transactions in cottonseed products, 
choice crude oil should not test over i per cent, of free fatty 
acids. 

Refining Test of Crude Cottonseed-oil. — The refining test of 
crude oil comprises the saturation of the free fatty acids with an 
excess of caustic soda solution of various densities from 10® to 20° 
B^. and allowing the soap mixed with albuminous and coloring 
matters of the oil to settle and solidify. The clear yellow super- 
natant oil is removed by means of a pipette and weighed. The 
difference between the weight of crude oil taken and the weight of 
clear oil obtained is the loss on refining and is expressed in per- 
centage by dividing by the weight of crude oil taken. The quality 
of the oil may be further determined by subjecting the yellow oil 
obtained as above described to the bleaching test. The bleaching 
test consists in agitating a known weight of the yellow oil in a por- 
celain dish with a known weight of fuller’s earth at a temperature 
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not exceeding that allowed in refining summer yellow oil on a prac- 
tical scale. The mixture is slowly heated and the fullers’ earth 
stirred in with a thermometer. When the maximum temperature, 
viz., 125° to i35°Fahr.,is reached, the oil is filtered through filter- 
paper into 4-()uncc oil sample bottles and the color and llavor 
observed. Different percentages of fullers’ earth are used on 
different portions of the same sample. In this manner the mini- 
mum percentage of earth jiroducing an oil of highest brilliancy is 
ascertained. This percentage of earth thus determined, experi- 
mentally is used by the Ideaeher. 

Commercial Grading of Soda-ash and Caustic Soda.— I'hc sys- 
tem of grading alkali and caustic is based upon the molecular com- 
position of these bodies, and the (luotations of the various grades 
in terms respectively of 48 per cent, alkali and 60 per cent, caustic is 
a vestigial characteristic of the early Leblanc days and an evidence 
of the highest grades of those products they were then mechanically 
able to produce. The molecular weight of sodium carbonate, NajCOj, 
is 106, composed of 62 parts by weight, or 58.49 per cent, of NajO, 
the remainder being COj. A soda-ash that contains 58.49 per cent, 
of NajO is therefore chemically pure, this percentage being eejuiva- 
lent to 100 per cent. Na*2C03. A 58 per cent, alkali should contain 
58 per cent, of Na20 or its equivalent, 99.16 per cent. Na2C03; like- 
wise a 48 per cent, alkali should contain 48 per cent. Na20 or its 
equivalent, 82 per cent. Na2C03. The reduction of any grade of 
soda to that of 48 per cent, is effected by admixture with common 
salt. There are present for comparison two fairly representative 
analyses of these two standard grades of soda-ash: 


Grade. 

Per Cent. NajCO, 

,. Per Cent. NaCl. Per Cent. Na.SO.. 

48% 

60.64 

28.34 

4-35 

58% 

98.72 

•54 

.20 

Grade. 

Per Cent. NaOH. 

F.OjAl^OgSiOj. 

CaCOjMgCO,. H, 0 . 

48% 

1.29 

1. 12 

Traces. 4.26 

00 

10 

— 

.10 

.17 .26 

Caustic soda occurs on 

the market in 

a variety of grades and 

sold on 

the basis of 60 

per cent, of Na 

2O. Caustic soda as a 


product of the alkali industry did not arise until thirty years after 
the industry was established in Great Britain, and the expression 
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of its quality in the same terms as that of soda-ash might be expected. 
The molecular weight of caustic soda is 40; to arrive at sodium 
oxide, NajO, as an expression of the customary unit two molecules 
with a total molecular weight of 80 are used. In 2NaOH there 
are 62 parts, or 77^ percent. Na20, the remainder being H2O. There- 
fore a chemically pure caustic soda contains 77^ per cent. NajO, 
or its equivalent, 100 per cent. NaOH. There is for purpose of 
comparison in the following table the percentage of the essential 
ingredient corresponding to, but never present in, the various 
grades of caustic commonly found in the market: 


Crrade 

60- degree . . . 

Per Ct'nt. NaOH. 

7742 

00.^2 

72 ... 

74 ‘‘ 

76 “ ... 

77 


/ / ’ * - 

... . TOO 00 

i / 2 

Sodium chloride, sodium carbonate, and sodium sulphate, in 
varying proportions, constitute chietly the remainder of the ingre- 
dients. With the present system of grading based upon the chemical 


determination of the total alkali, the Na20 of the Na2CO, is esti- 
mated with the Na20, in terms of which the caustic soda or NaOH 
is expressed. With this method of expressing the ([uality of the 
caustic, the soap-maker has just cause for compliint in that a Vari- 
able percentage of a worthless ingredient is included in the total 
percentage of the essential ingredient present. The following is 
an analysis of a sample of commercial caustic pui^poning to he of 
74 per cent, quality: 


Total alkali estimated 

as Na20 

. ... 74-18% 


Caustic alkali “ 

n u 

.... 69.88% 


Caustic alkali “ 

“ NaOH. . . . 


90.18% 

Combined alkali 

Na 2 C 03 .... 


. 7 - 35 % 

Com])ined alkali ‘‘ 

“ Na20 

4-30% 


Sodium chloride 

“ NaCl 


2.02% 


This analysis indicates sample to be of substantially 70 per cent, 
quality. The difference between the sodium hydrate actually present* 
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and that claimed, viz., 4.30 ])cr cent. Na-^O, is due to the 7.35 per 
cent. NajCOg, this being estimated as its ecjui valent, 4.30 per cent. 
NajO, in the total sodium oxide. As more or less carbonate is 
invariably present in all commercial caustic, especially in the lower 
grades, the system of including it in the expression of the quality 
of this product is open to severe criticism. Quotations of quality 
are thus confessedly a misrepresentation. The only rational method 
is the expression of the Na./) as free caustic, or preferably units of 
NaOH. 

This would be an absolute index of the value of the caustic as a 
saponifying agent, and not, as by the method in vogue, an uncertain 
approximation of the same. English degrees indicate the strength 
of the ash or caustic in terms of Na-X), but, owing to either a wilful 
or accidental error in atomic weights, English analyses indicate a 
greater percentage of Na.X 3 than is actually i)resent. This error 
has become so firmly established by tradition that modern ideas 
have been unable as yet to eliminate it. In Germany and Russia 
the strength is ex[)ressed in terms of sodium carbonate. Idiis sys- 
tem is j)erfe(tly rational when apjdied to soda-ash, but is incon- 
sistent when a])plied to caustic. 'Fhe expression of the value of 
commerc'ial caustic socla in terms of tin impurity, which, in so far 
as the soap industry is concerned, is positively worthless as a saponi- 
fying agent for neutral glycerides, is certainly not conducive to clear 
ideas on the subject. 

The superior advantages and economy of high-grade caustic 
need no argument, it is true of this product that the best within 
certain limits is the cheaiiest. 'Fhere is presented in the following 
table the price per pound of sodium hydrate as it occurs in the cus- 
tomarv grades of caustic, assuming that no carbonate is estimated 
as caustic: 

('AUSTIC S()D\. 


1 

PPK pcT 

IN r ( Vnt . X'aOlI 

Price iXaOif 

(jradu. 

100 l‘iiUlulb 

I’nsint 

100 Pijund' 

60^ [ 


77 - 4 >’ 

$2 13 I 

70^’^ 

I SO for 60^0 

90.32 

c 0t7 

74 % 

I .(»o for 60^ Q 

05 - 4 ^ 

2 oOC) 

76% 

1,70 for ()oto 

()H 06 

2 196 
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The anomalous variation in prices quoted arises from the slight 
differences in cost of production of the lower grades, combined, 
for those grades, with the proportionally greater cost of packages, 
transportation, etc. 

The total charges contingent upon marketing a 6o per cent, 
caustic arc the same as those of a 70 per cent., although the former 
contains considerably less of the essential ingredient; also the cost 
of production of a 70 per cent, caustic is but little more than that 
of 60 per cent. The increased cost of production of the higher 
grades, viz., 74 per cent, and 76 per cent., makes necessary a higher 
price, which is less than it would be if cost of marketing were corre- 
spondingly increased. 

The system of quoting the higher grades in terms of 60 per cent, 
caustic is a peculiarity of the trade, and the fractional increase in 
price based upon the degree is a measure of the increased cost of 
carrying the manufacture of the product above the 60 per cent, 
grade. 

In the preparation of caustic lyes of different densities from 
various grades of caustic, the influence of the impurities, chiefly 
sodium chloride, sodium carbonate, and sodium sulphate, is to 
reduce the active value of the solution for the specific gravity indi- 
cated. This reduction in saponifying power is least for the highest 
grades and greatest for the lowest as a natural result of the increased 
percentage of these impurities present. The following table indi- 
cates the percentage of sodium hydrate present in lyes of different 
densities, made of the usual grades of caustic, corresponding to the 
densities of lye made from chemically pure caustic. It is assumed 
that the total alkali is present entirely as caustic, which never actually 
occurs. The figures stated, for reasons previously given, are gener- 
ally slightly higher than would be found in practice. However, 
the table possesses value as a basis of comparison, and for all tech- 
nical purposes the figures are sufficiently accurate. 

Causticization of Soda-ash. — The consumption of caustic soda 
for oil-refining and soap-making may be of sufficient amount, 
together with other economic considerations, to warrant the manu- 
facturer undertaking the manufacture of caustic soda himself. 
Caustic soda in aijueous solution is obtained from soda-ash, i.e.. 
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TABLE 9.— PERCENTAGE OF SODIUM HYDRATE IN LYES MADE 
FROM VARIOUS GRADES OF COMMERCIAL CAUSTIC. 






Grades ot Caustic. 




Specific 

Gravity. 

Degrees 

He 

77 ^ 

7 (>“ 

74 ° 

iT . 

70". 

60". 

Degrees 

Twaddell. 





Per Cent 

NaOH 




1-075 

10 

6-55 

6.42 

6.25 

608 

5.91 

5.06 

15.0 

1.083 

1 1 

7-31 

7-17 

6 98 

C 79 

6.60 

5.66 

16.6 

I.091 

12 

8.00 

7 -^4 

7-0 

7-43 

7.22 

6.10 . 

18.2 

1. 100 

13 

8.68 

8.51 

820 

8.06 

7-84 

6.72 

20.0 

1. 108 

14 

9 42 

9 24 

899 

8.75 

8.51 

7.20 

21.6 

1. 1 16 

15 

10 06 

986 

9.60 

9.34 

9.08 

7.78 

23 2 

1.125 

16 

10.97 

10 76 

10 47 

10.20 

9.91 

8 49 

25.0 

1.134 

17 

1 1.84 

1 1. 61 

113' 

1 1 00 

10.60 

9.17 

26.8 

1.T42 

18 

12.64 

12 40 

12 07 

11.74 

II 41 

9.78 

28.4 

1 152 

19 

13-55 

1.5.28 

12.9 5 

12.50 

12.24 

10 40 

30.4 

1.162 

20 

14.37 

I J 0(^ 

13 72 

13-35 

12.07 

11.12 

32-4 

1. 171 

21 

15 13 

14 84 

1 \ 41 

14.06 

i 3.<^7 

II. 71 

34-2 

I 180 

22 

1591 

1561 

15 19 

14.78 

14.36 

12.31 

36.0 

I rgo 

23 

1677 

16 44 

16 01 

15 58 

15.15 

12.98 

38.0 

I 200 

24 

17 67 

1735 

i 1687 

16 42 

15 96 

13 ^8 

40 0 

I 210 

25 

18.58 

18 23 

17 74 

17 27 

1678 

14.38 

42.0 

I 220 

26 

10 5''^ 

H) 20 

1869 

i8 19 

17 68 

15.16 

44.0 

I 231 

27 

20.59 

20 19 

10 ^6 

19-13 

18.60 

15.94 

46.2 

I 2 \l 

28 

21.12 

20 99 

20 

19.80 

19 33 

1^1 57 

48 2 

J.2S2 

20 

22 6^ 

2 2 20 

21 62 

21 03 

20.45 

17 53 

50.4 

1.26^ 

30 

23^7 

. 23.21 

2 2 60 

21 09 

21 37 

18 32 

52.6 

I 274 

31 

2u8i 

24 53 

2 3 6() 

23.05 

22. t2 

10 21 

54 8 

1.285 

32 

25 80 

25 .50 

2 1 0 

23 96 

23 30 

19 97 

57.0 

I 207 

35 

26 83 

26 3 1 

23 62 

24 02 

24 23 

20 77 

59 4 

1.308 

34 

27 80 

' 27 26 

i 26 55 

25 82 

25 1 1 

21.52 

61 6 

T 320 

35 

28 83 

28 28 

1 2755 

26.70 

26 04 

22.31 

64.0 

I 332 

3 ^ 

20 93 

20 55 

1 28 38 

27.81 

27 ot 

23.17 

66.4 

I 545 

37 

31 22 

30 62 

i 20 82 

29 00 

28.46 

24.40 

1 69.0 

I 357 

3 -^ 

32 47 

31 -84 

30 99 

30.16 

29.32 

25 13 

1 71.4 


commercial sodium carbonate, by treating tlie latter, under suit- 
able conditions, with slaked lime. The procedure of manufac- 
ture is in accordance with the following chemical reaction: 


Na2CO;(soda-ash) TCafObDofslaked lime) 

loO IX 

- CaC03(lime-mud)-t- 2NaOH(caustic soda). 

I OO So 

Thus, theoretically, io6 parts of sodium carbonate treated with 
74 parts of calcium hydrate yield loo parts of calcium carbonate 
and 8o parts of sodium hydrate. On a [)ractical scale the theoreti- 
, cal yield is only approximately attained. 
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Description of Plant. — In Fig. 50 is shown, in plan and eleva- 
tion, the mechanical equipment of a causticizing plant, consisting 
of the converting- kettle, screen-tank, lye storage-tank, evaporator, 
pumps, etc. Fig. 49 is a conventional form of lime-house. Fig. 51 



is an enlarged sectional view of the screen-lank; and Fig. 52 is an 
enlarged sectional view of the lower j)ortion of the converting-kettle. 

It is best to provide a building or a siiitalde fire-proof room or 
inclosure for the storage and |)reparation of the lime to be used in 
the converting-kettles, and as imperfectly burnt or inferiem (juali- 
ties of lime often cimtain stone or unburnt material, such is pref- 
erably crushed before being passed to the converting-kettle, as it 
also affords an easier, more rajiid, and complete operation in the 
converting-kettle. 

In Fig. 49, I represents the lime-house, having a raised or 
elevated iron lloor 2 for the storage of the lime. Adjacent to one 
side of this elevated floor is a door 3, through which the lime can 
be received. 

4 is a lime-mill or crusher operated by a suitable ])()wer, a 
counter-shaft 5 being shown. The crushed lime from the mill may 
be passed directly into the carrier 7, which may be of ])erforatcd 
iron if it is to be used as a basket inside of the converting-kettles, 
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or the carrier may be provided with double- flap doors 9 when it is 
to be used as a chute. 

8 is a wheeled frame for carrying the basket or chute to the 
converting-kettle. In lieu of this wheeled frame an overhead tram- 
way may be used, as is shown in Fig. 50. 

The carrier 7 is provided with suitable swivel-handles 10, by 
means of which the carrier can be hoisted and its contents emptied. 

6 is the entrance from the lime-house to the converting-kettle. 

The lime-carrier 7 is preferably made of iron or a non-inflam- 
mable material, and as the floor in front of the iron converting- 
kettle is bricked or covered with iron or otherwise made fireproof 
no danger is incurred by using this carrier in an ordinary building, 
thus enabling this part of the operation to be carried on in an ordi- 
nary factory building. 

l^v the use of power the lime can be conveyed to the converting- 
kettle by means of any suitable endless conveyor or to any con- 
veniently located receiver, from which it can l)e either by hand or 
automatically fed into said converting-kettles. 

In Figs. 50 and 51, d is a converting-kettle formed of any suitable 
shape and with a conical, bevelled, or flat bottom, as may be desired. 
This kettle is supported by means of lugs from the I-beam frames B, 

C are suitable iron pillars for su])porting the beams B. 

The top of the kettle is preferalfly covered with a hood D, formed 
of wood or metal, at the top of which is an exit /)' for the ])assage 
of the steam from the kettle. Near the bottom of the (onverting- 
kettle is shown an iron door d for the removal of the residuum. 
This door when used is preferably shaj)ed to conform to the kettle 
and is carried down as nearly to the bottom of the kettle as is posr 
silde. At the extreme bottom of the kettle is a valved outlet-pipe 
also for the removal of the residue. 

/ is a pij)e having a ])ivoted elbow within the kettle, l)y means of 
which the licpiid lye can be run into the receiving-tank F. 

Located at the bottom of tlu‘ kettle A is preferably a ])erforated 
coil of steam-pipe gy through which steam can be ejected for the 
boiling of the caustic lye, and it can also be used for producing 
motion of the contents of the kettle. In addition to this a cIohcI 
coil of steam-pipe g' may be emifloyed for heating the contents/ f 
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the convcrtin[];-kofrtle. If the perforations in the steam-pipe g arc 
placed underneath the pipe and on the sides thereof at about an 
angle of 45°, there will be a thorough agitation of the material, 
obtaining a complete conversion. The pipes g and g' are located 
at any suitable distance above the bottom of the kettle. 

Air under pressure may be injected into the li(\uid, or to attain 
the same end a mechanical mixer or stirrer can be introduced within 
the kettle, the object being to maintain a constant agitation of the 
contents of the kettle and the complete admixture thereof. .The 
pipes g and g' are connected with a source of steam-supply by means 
of the y)ipe Ii, having the valve /z' therein. Ji" is the main steam- 
pipe, shown running across the front of the kettle. If more than 



Fid. 51. — Sectional View of Lower ror(i<»n of ('onvertini^-kettle. 


one kettle i^ u^ed, this pipe tan be extended for the supply of steam 
to the additional kettles. 

Below the hood D is an opening, preferably in front, for the 
Introduction of the ash and lime. The latter i^ jireferably intro- 
duced in small tiuantities at a time into the basket j, which is adja- 
cent to said oi)ening, so located as to be partially immersed within 
the litiuid. ddie entrance to the kettle is protected by a door, which 
being closed when not in use will prevent the outlet of the steam. 
As shown, the hood D should extend a short distance beyond the 
sides and over the top of the kettle, so that the draft thereby pro- 
duced will facilitate the exit of the steam through the opening D'. 
The hot-water receiving-tank I is elevated, so that its contents can 
bc^ run into the converting- kettle A by means of the valved pipe i. 
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This tank is supplied with hot water from the coils of the evaporator 
or concentrator G by means of the pipe k. If this supply is insufTi- 
cient, additional water, either hot or cold, may be introduced by 
means of the valved pipe k', 

k" is an overflow from the tank /. 

Situated below the converting-kettle is the screen-tank L, into 
which the residue of the materials used can be emptied by means 
of the pipe e or the door d. This tank is preferably provided with 
a false suspended bottom o (see Fig. 52) consisting of one or more 
layers of canvas and wire-gauze and which is so arranged that the 



residue or lime-mud will not pass through the screen when oper- 
ated upon by a vacuum-pump, the liquid and air passing through 
a pipe connecting with the bottom of the tank. This false bottom 
is preferably placed two or three inches above the bottom of the 
tank and consists, first, of a wire screen 0' of very fine mesh, under- 
neath which the duck or canvas (?" is stretched. The fabric is 
supported, preferably, upon a sheet of gauze o'" of slightly coarser 
mesh, which in turn is supported upon an iron frame 0"", Within 
this tank, a short distance above the false bottom, is a perforated 
steam-pipe O', the perforations of the pipe being iireferably arranged 
underneath and on the sides thereof at an angle of about 45'^. 

A suitable jointed elbow O" is used for decanting such portion 
of the supernatant liquid and wash-water as settles above the resickic. 
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O'" arc faucets or cocks used for accomplishing the same purpose, 
A pipe p for the supply of water for the admixture and the wash- 
ing from the lime-mud or residue of any caustic lye not removed 
in the keltic is placed at one side of the tank. Adjacent to the 
screen-lank L is the wash-water tank which is connected to said 
tank by means of the ])ipe 0 ", through which the wash- waters from 
said screen-tank can be transferred to said wash-water tank. 

R is the vacuum-i)ump, having a connection at p' with the bot- 
tom of the screen-tank and discharging into the catch-all or tank Q, 
from which the wash-water can be transferred to the wash-water 
tank E by means of the service-pump / and pipes /" /'". 

Procedure of Causticization.— The operation of the plant is as 
follows; Water is run into the converting-kettle A and brought to 
a boil therein, and then a given quantity of soda-ash is put into the 
said con\erting-kettle and the boiling continued till the complete 
dissolution of the ash, making a solution of about 12*^ Baume. 
Then small portions of lime are added gradually through the medium 
of the lime-basket j, placed at a point in the converting-kettle so 
that such basket will be suspended ])artly in the li(|uid. The boil- 
ing (with open steam) is continued and lime added for the conver- 
sion of the soda-ash into ca’ustic soda, which can be determined by 
testing in any suitable way. When the licpiid is thoroughly causti- 
cized, as indicated by the suitable test referred to, the steam is shut 
olT and the whole allowed to settle for a time, after which the clear 
liquid is then drawn off from the converting-kettle by means of the 
pipe and elbow /, either by gravity or being [)umped and run to a 
suitable tank or other receptacle F for storing the liquor, from 
whence it is delivered direct to the soap-factory or refinery, or if 
not of sufticient density it is then run to the evaporator G, which can 
be of any suitable construction for concentrating it to the desired 
densitv. The eduction-pipe from this evaporator connects, prefer- 
ably, with a catch-all G', by means of which moisture mechanically 
entrained with the vajrors may be arrested and conveyed back to 
the evaporator. There will then remain in the converting-kettle A 
mud composed of calcium carbonate entangled with caustic-soda 
lye, which mud is drawn from the converting-kettle through either 
or both of the outlets c or J in the bottom of said kettle and run 
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into the scrccn-tank L and allowed to settle, and the liquor above 
the lime- mud or residue is drawn olT through a suitable pipe 0" 
siphonically or by means of a pump, or can be run off by gravity 
through an outlet or outlets O'" on the side of said screen-tank, 
and is run to the same tank F as the clear liquid that was previously 
drawn off from the converting-kettle, or if of insufficient strength 
it may be run to the tank or receptacle E. Then water is run into 
the screen-tank and the mass brought to a boil by the injection of 
steam through the perforated steam-pipe or coil, after which the 
mass is again allowed to settle, and the reMilting clear li([uid that 
then settles above the lime-mud is decanted or drawn off in the 
same manner. Then more water is added to the mud in the screen- 
tank and the same operation repeated until the clear liquid that 
settles in said tank shows “ ” Baume when tested with a regular 
alkali hydrometer. Then the remaining liquid with which the 
mud is saturated is drawn therefrom by means of applying a vacuum 
below the screen, the liquor being drawn by said vacuum into a 
suitable receiver, preferably a cylindrical vessel Q, and the liquor 
thus collected in the cylindrical vessel is then run to join the other 
wash-waters that have been drawn from the screen-tanks by other 
means. Such of these wash-waters as* have been run from the 
screen-tank L to a receptacle £, separate from the storage- tank 
from which the refinery, soap-house, or evaporator is supplied, are 
used in the converting-kettle for dissolving the next charge of soda- 
ash, such water being added in addition thereto as may be required, 
which additional water is preferably a water of condensation from 
the steam-coils or heating-chamber of the evaporator, which water 
of condensation shall have been run to the tank I or other suitable 
receptacle. 
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Refininjr of Cnidc Cottonsml-oil The Refininj^-kettle. A{)i)aratus of Refin- 
ing;. Use of Caustic Alkali. Procedure of Refining. Finishing Refined 
Oil. Influence of Heat on Refined Oil. Classification of Summer Yellow 
Oil. Products of Summer Yellow Oil. Pleaching Summer Yellow Oil. 
Winter Oils. Classification of Winter Oils. Nature and Valuation of 
Fullers’ ICarth. Press-cake. Cottonseed-oil Soaji-stock. Determination 
of Fatty Acids, Free or Uncombined Oil, and Total Fatty Acids in Cotton- 
seed-oil Soaji-stock. 

Refining of Crude Cottonseed-oil— The necessity of working 
up seed y)romptly to avoid deterioration and subsequent impair- 
ment of the oil, the inconvenience and cost of gathering and 
shipping a bulky article, the greater convenience of shipping the 
crude oil, the necessity of the return of the by-products of oil-mill- 
ing, viz., meal and hulls, to the soil that has produced the seed, the 
superior skill and experience, hence its scarcity, required in refining 
crude oil, the necessity for the fullest efiiciency of operation of 
refining on as large a scale as is consistent with the greatest economy, 
represent, in so far as relates to the production of crude cottonseed- 
oil as a finished product, the natural gravitation of the forces of 
production to the source of the raw material. Hence we find in 
the growth of the industry a rapid multiplication of crude-oil mills 
in the most desirable sections of the cotton belt for the receipt of 
seed, by wagon, water, and rail, and likewise the establishment of 
refineries at centrally located points for the receipt of the crude oil 
by rail and for the distribution of the products of refining. 

The real advancement of the last twenty years in the cottonseed- 
oil industry has been made by the refinery. While there have been 
many improvements in the machinery of the crude-oil mills, the 

process is to-day practically what it was many years ago, but when 
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wc turn to the refinery, the tremendous strides which have been 
made in the improvement of the refining methods result in a product 
so superior to the article produced years ago, that industries utilizing 
the oil, on account of this improvement, can use greater quantities 
of the oil than ever before. 

The Refining-kettle. — The agent used for refining is caustic 
soda, which is fully described in Chapter VI. The apparatus used 
is a plain cylindrical tank, or kettle, with conical or flat bottom, or 
with bottom slightly dished to facilitate removal of last traces of 
sediment. The kettle is provided with a swing-joint, or siphon 
pipe, located at a convenient level on the side of the kettle, for the 
decantation of the refined and settled oil. Below the swing- joint 
pipe and at a convenient distance from the bottom of the kettle may 
be another outlet to provide for a more complete separation of the oil 
from the sludge, or sediment. In the bottom of the kettle is a valve 
for the removal of the jirecipitate obtained on refining. The con- 
tents of the kettle may be heated by either exhaust or live steam 
in either open or closed coils, or both. Air for agitating the con- 
tents is introduced by means of a crisscross pipe, jirovided with 
openings, which connects with a pipe running over the side of the 
kettle and leading to an air-pump or compressor. Caustic soda 
is run into the kettle by gravity directly from the lye-tanks, where 
it is reduced to the required density, through a perforated pipe which 
distributes it uniformly over the surface of the oil. 

The capacity of the refining-kettle varies, the smallest being 
that which will provide ample room for working and will produce 
of supernatant refined oil a volume at least ec^ual to the capacity 
of a tank-car, viz., 125 barrels, this being the smallest amount for 
profitable handling. The maximum size will be determined by 
facilities for heating and agitation and by results obtained with 
larger batches than that of a tank-car. The prime essential in 
refining is intimate contact of alkali and oil at the proper tempera- 
ture. The crude oil may be transferred to the refining-kettle from 
the storage-tank either by pumji, or by gravity where the arrange- 
ments of the pi]fing system permit of the latter choice. 

Apparatus of Refining, — The equipment of a refinery is most 
conveniently installed in a three-story and basement building. 
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This construction permits the handling of much of the material 
by gravity and the separation of different stages of the work into 
corresponding dej)artments. On the third floor are located the 
rchning-kcttle and the caustic-lye tank, from which lye at the density 
required may How l)y gravity into the refining-kcttle. On the 
second floor are located the finishing-kettle and the Ideaching- plant, 
and in a separate portion of the same lloor, the kettle for working 
up the soaji-stock. On the first lloor are located pumps for trans- 
ferring crude and refined oil, and here the jiroducts of refining. are 
discharged into tlieir packages. In the basement are located 
receiving-tanks for crude oil, into which oil may be (fKharged by 
gravity from barrels or tank-cars and from which it may be pumped 
as desired cither into the re fining- kettle or storage-tanks. 'Fhe 
causti: melting-tank may be also located in the basement, from 
which the strong lye is pumiical to the toj) lloor and diluted to the 
density desirt'd. 

Use of Caustic Alkali, —Idle function of caustic soda in cotton- 
seed-oil refining is to combine with the free fatty acid present in 
the crude oil as a result of the deconqiosition of the originally neu- 
tral oil. Tht‘ product of this combination is a true soap, sodium 
olcate, and is the same as that which is form d when cottonseed- 
oil is saponified with caustic soda in soap manufacture. In the 
combination of free vegetable acid together with more or less oil 
and caustic soda, with the combined agitation and heating, the 
coloring-matter of the crud(‘ oil and the mucilaginous and albu- 
minous matter unite to form a coagulum which, on allowing the 
treated oil to stand, settles to the bottom of the kettle together with 
uyused alkali, which is added in excess, and more or less oil mechani- 
cally mixed. This precijiitate constitutes the raw material for the 
commodity that comes on the market as ‘‘cottonseed-oil soap-stock.” 

The amount of caustic soda, both in the absolute quantity of 
sodium hydrate and in the volume of the solution reiiuired for refin- 
ing, is subject to wide variation. A (juantity of caustic-soda solu- 
tion requisite fo saturate the free acidity of the crude oil as ascer- 
tained by analysis, is insufficient to effect the purification desired, 
so an excess must be added, which must be determined by experi- 
ment with a sample of the crude oil. The percentage of free fatty 
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acids will vary from 0.4 ])Cr cent, to as high as 30 per cent., but 
the average is in the neighborhood of 2 i)er cent. The free acidity 
is estimated in terms of oleic acid, molecular weight 282. 

If in a batch of crude oil weighing 50,000 pounds, the free fatty acid 
content is found to be 2.5 per cent., the weight of free oleic acid is, 
therefore, 1250 pounds. One molecule of oleic acid combines with 
one molecule of sodium hydrate, NaOH, molecular weight 40; 
therefore, according to the following equation: 

Oleic acid (282) : Sodium hydrate (40) :: 1250 pounds : a:; 

X, the weight of sodium hydrate re(iuired for neutralization, e(}uals 
177.3 pounds. This weight of chemically pure caustic, expressed 
in terms of the commercial grade of 74°, which contains but 95.48 
per cent, of available caustic, e(]uals 185.7 pounds, which is approxi- 
mately the weight contained in an equivalent number of gallons 
of caustic-soda solution of 15° Be. made from 74*^ caustic. 

The percentage of caustic-soda solution of the density desired 
is arrived at by refining-tests on samples, using solutions of different 
strengths and proportions, until the results desired on a practical 
scale arc obtained with the sample. 

According to the character of the oil the density may vary from 
6® Be. to 25^^ Be,, with the percentage of the solution necessary in 
inverse proportion to its density. It is necessary that the alkali 
be uniformly distributed over the surface of the oil, which is effected 
by means of the spray-pipe previously mentioned, and that during 
the addiiion the oil be kept in agitation, without which precau- 
tion the caustic-soda solution, in virtue of its greater density, would 
sink at once to the bottom, and intimate contact with the oil would 
then be difficult to attain. 

Procedure of Refining. — .\ ter the batch of crude oil has been 
accurately weighed and a sample taken for the refining-test, it is 
transferred to the refining-kettle, which has jireviously been thor- 
oughly cleaned. The methods of manijiuiation vary greatly with 
individual refiner.. By some the oil is first heated to 85^ Fahr., 
when caust.c-soda solution of required (quantity and strength is 
added, meanwhile keeping up vigorous agitation; the more quickly 
the caustic is added the better. After the addition of the solution, 
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TABLE 10— SPECIFIC GRAVITY OF SOLUTIONS OF PURE CAUSTIC 
SODA AT 15“ C. (59° F ). (Lunge.) 
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TABLE 10. — Continued, 





IN rC\'iil 
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continuL' agitation for about ten minute^, 'rhen heat gently with 
moderate agitation to about 125'^ Fahr. 'The time reciuired from 
the addition of the caustic-soda solution to the maximum tempera- 
ture of 125° Fahr. should be at least fifteen minutes. There is uf) 
objection to longer time being used. Agitation should be contin- 
ued genth until there is a disposition on the )_)art of the impuri- 
ties to curdle. By other refiners, the oil and alkali are first agitated 
in the cold until perfect admixture is obtained. This may najuire 
from fifteen to twenty-five minutes. When the body of the oil has 
assumed an almost black color, heat is a])plied gently, with con- 
tinued agitation, until the oil is about 125° Fahr. This treatment 
is continued until the ])hysical ai)pearance noted above is observed, 
viz., the separation of impurities as dark-brown Hakes, and a gcaieral 
curdled a])pearance. The attainment of the maximum tem[)eraturp, 
12S° Fahr., should be very carefully watched; 130° Fahr. is not 
dangerous, and good oil should never go above 140° Fa.hr. At this 
stage of the process, samples should be taken from time to time and fil- 
tered through filter-paper. The progress of the purification may thus 
be observed in the successive filtrates. When the desired results in 
color, odor, and clearness are exhibited by the sam])les, agitation 
and heating are discontinued. The contents of the kettle are now 
allowed to stand to await the precipitation of the excess of alkali 
and the imi)urities which constitute the raw soap-stock. After the 
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settling period, which reciuires as a rule from three to five liours, the 
supernatant oil has assumed a bright-yellow color and is ready to 
be transferred to the “finishing” tank by means of the swing-joint 
pipe previously described, d'his pipe may be lowered at will in 
the kettle and the oil drawn off as close to the settlings as desired. 
The quantity of oil that tan be removed dejiends upon the amount 
of the precipitate and the thoroughness of the settling. 

Finishing Refined Oil. — Idle treatment of the yellow oil in the 
fmishing-tank is for the ])urpose of washing out the excess of alkali 
added in the refining-kettle and to eliminate the last traces of water. 
If the amount of alkali retained is slight, one washing mav suffice 
to remove iu The temperature should not exceed 100® to 105° I'ahr. 
The fittings of the fmishing-tank are similar to those of the refining- 
kettle. The wash-water should be uniformly distributed over the 
surface of the oil, agitation continuing meanwhile. After settling 
the wash-water is withdrawn from the bottom until the clear oil 
comes. Idle washing should be re})eated in this manner until the* last 
traces of alkali are removed. Where a considerable excess of caustic- 
Isoda solution has been added in the refining-kettle, much trouble 
may be experienced in its complete elimination. Idle use of pickle 
or brinc' of not greater density than 10° Be. is recommended in 
obstinate cases. Idle greater density of the })ickle-wash not only 
facilitates settling, but imparts an agreeable taste to the oil. After 
all traces of alkali have been satisfactorily removed, the final treat- 
ment of the oil is for the elimination of water. During the ^ire- 
liminary washing, the temperature should not exceed too° to 105*^ 
Fahr. ddie oil is now heated gently, with continued agitation, to a 
temperature not exceeding 125° Fahr. With a considerable ([uantity 
of moisture present, it is fre([uently advisable when removing the 
settlings to run off a ])ortion of the cloudy oil and continue the dry- 
ing of this portion in a sejiarate tank, thereby making easier the 
elimination of the reduced projiortion of moisture in the larger 
body of oil. After the process of drying has been conducted for 
some time the oil is finally dried by the addition of varying amounts 
of plaster of Baris, the amount being determined by the amount 
of water remaining. The determination is best made by taking 
small samples of the oil during agitation and filtering it in the labo- 
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ralor}\ After agitation with the plaster of Paris until it has been 
thoroughly mixed with the oil, it is filter-pressed. Oil flowing from 
the filter-press after the foregoing treatment has been followed 
should be ready for barrelling as prime summer yellow when made 
from prime crude. 

Influence of Heat on Refined Oil. — The effect of the combined 
action of heat, moisture, and air on the quality of crude oil has been 
already dwelt upon. These three agents of decomposition arc like- 
wise to be considered in the finishing of refined oil. It is desired 
to expel the remaining traces of moisture at the lowest possible 
temperature. Excessive heat, i.e., above 125° Fahr., effects dele- 
teriously the flavor of the oil, and at 140^ Fahr., according to con- 
ditions, decomposition becomes more or less active. With ‘‘off” 
oil where the desideratum is the color and not the flavor, tempera- 
tures as high as i6o‘^ to 170° Fahr. are more advantageous than 
otherwise, as with such heat brightness of color is more easily obtain- 
able. With crude oil of superior (juality, treatment should be 
effected at the lowest possible temperature; below 100® Fahr., if 
practicable, and in the finishing-tank agitation alone should be 
depended upon to eliminate the last traces of moisture. The injuri- 
ous influence of heat on the flavor of oil should encourage as little 
dependence as is practicable upon this agent for the separation of 
moisture. To this end it may be desirable to have the finishing- 
tank shallow in order to facilitate the se])aration. 

Classification of Summer Yellow Oil. — Owing to deterioration 
of the seed and to varying skill of manufacture, all crude oil does 
not produce yellow oil of the same grade. The loss on refining 
crude oil depends upon its age, whether it has undergone much or 
little decomposition, and upon its degree of contamination with 
the albuminous matter of the seed. It may vary from 5 per cent, 
with prime crude oil to 25 per cent, and more with very Inferior oil. 
Summer yellow cottonseed-oil is classed and graded as follows: 

Prime summer yellow must be clear, sweet in flavor and odor, 
free from water and settlings, and of no deeper color than 35 yellow 
and 7.1 red on Lovibond’s equivalent color scale. If the oil is of 
deeper color than the glass standard (35 yellow, 7.1 red) it shall not 
be prime. 
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Choice summer yellow must he sweet in flavor and odor, clear 
and brilliant in aj)pearance and free from moisture. 

Off summer yellow shall be free from water and settlings, olT in 
taste and color and should be sold by sample. 

Idle proportion of the different grades of summer oil prodiued 
depends upon the quality of the crude oil and this in turn is deter- 
mined by the (quality of the seed. It has varied from about 85 per 
cent, to 35 per cent, of j)rime and choice oils, and from 15 per cent, 
to 65 per cent, of off oil. In the treatment of summer oil, the loss 
in transforming the product into a sU[)erior grade is very slight. 

Products of Summer Yellow Oil.— Summer white oil is obtained 
from summer yellow oil by bleaching with fullers’ earth and filter- 
ing, and is used chielly in the manufacture of lard compound. Winter 
yellow and winter white oils are obtained from the corresponding 
grades of summer yellow and summer white oils by the scqiaratitm 
of the solid glycerides at reduced temj)erature. The solid glycerides 
constitute commercial cotton-oil stearin which is used in the manu- 
facture of lard compound. The winter oils remain liiTqiid at 32° 
Fahr. and are marketed directly as salad- and cooking-oils, and 
indirectly as butter substitute, of which they form a varying ingre- 
dient. Miners’ oil, a product of \ery limited a[)[)lication, is a winter 
oil obtained from off summer yellow. It early replaced lard-oil as 
an illuminant for miners’ use, and soon, for the same purpose, came 
to be adulterated with petroleum distillate. The separation of the 
solid glycerides corrects the tendency of the oil to smoke. 

Bleaching Summer Yellow Oil. — The apparatus recpiired for 
this })urpose comprises essentially a storage-tank for the summer 
yellow oil, a bleaching-kettle, a storage-tank for the filtrate, or sum- 
mer white oil, a filter-press, a feed-pump for the press, and necessary 
pipe and valve connections for oil and steam. The finishing-kettle 
may serve as a storage-tank. The filter-press is similar in con- 
struction and operation to that used for clarifying crude oils. The 
b’ caching agent is fullers’ earth. Bleaching consists in agitating 
the oil witji a requisite amount of fullers’ earth and filtering the 
mixture. Agitation may be effected either by means of air, as in 
the refining-kettle, or by means of a vertical shaft carrying hori- 
zontally inserted arms, or blades. For the complete removal of 
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the coloring-matter, it should be endeavored to obtain the most inti- 
mate admixture of the oil with the absorbent earth. In Fig. 53 is 
shown a plan of a bleaching plant adapted for the bleaching of cither 
tallow and grease or oil. Sulphuric acid alone, or in conjunction 



Kk;. 53.— lileachiuK^ Plant. 

with bichromate of soda, may be u^ed in addition to the fullers’- 
earth treatment for animal fats. For vegetable oils the fullers’- 
earth treatment sulTices. A plant of the same description may aho be 
used for the preparation of miners’ oil from off summer yellow oil. 
Sulphuric acid effects dccolorization by dehydrating 6r charring 
the organic coloring-matter, thus facilitating its removal. In the 
procedure of bleaching with fullers’ earth, summer yellow oil is 
transferred to the blcaching-kcttle and fullers’ earth added. The 
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proportion of earth to oil varies greatly according to quality of the 
oil and earth and skill of the refiner. Agitation having begun and a 
known weight of earth added, samples arc taken from time to time 
and filtered through filter-paper into a four-ounce oil sample bottle. 
More earth is added as required to produce the desired brightness 
of color in the samy3lc. When this has been obtained the mixed 
earth and oil are filtered, the first runnings from the press being 
returned to the bleaching-tank until the oil flows clear and brilliant. 
The proportion of earth used amounts to from 2 to 5 per cent, of 
the weight of oil. The least amount of earth necessary should be 
used, as its contact with the oil impairs the flavor. To produce the 
best results only choice summer yellow oil should be treated. The 
flavor imparted by fullers’ earth may be neutralized by the addition 
of from I to 2 per cent, of soda-ash before filtration. 

Winter Oils, — As the temperature is reduced, the glvcerides of 
higher melting-point crystallize out of the liquid portion of the oil. 
Advantage is taken of this difference in melting-point to separate 
the more readily congealing portion with the result that oil is obtained 
which will remain fluid at the freezing-point of water. The tem- 
perature at which the more solid glycerides crystallize depends upon 
the quality of the oil; oils containing a considerable proportion 
of stearin and palniitin will begin to crystallize at a higher tem- 
perature than those containing less. Summer oils will begin to 
crystallize from 50® to 35° h'ahr. This is shown first by a slight 
turbidity, which increases as the temperature falls until the oil becomes 
firm at 32® Fahr. 

The practical separation of the portions of cottonseed-oil, re- 
spectively solid and liquid, at 32° Fahr., is carried out after the man- 
ner in which edible tallow is resolved into oleo-stcarin and oleo-oil, 
with the exception that a much lower temperature of manipulation 
and pressing is necessary. This involves the installation of refriger- 
ating-machincry, that a suitably low temperature may be maintained 
for the crystallization of the oil and its subsequent treatment. The 
procedure pf separation comprises essentially the storage of the oil 
in shallow trays in the cooling-room until the crystallization, or 
“seeding,” of the oil is elTecled. When sufliciently cooled, the oil 
is in the shape 01 a cake corresponding to the dimensions of the 
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tray. The individual cakes arc transferred to cloths, carefully 
wrapped and piled between metal plates in a press. On applica- 
tion of pressure, the liquid portion of the oil, consisting of olein, is 
expelled, while the solid portion, consisting of stearin and palmitin, 
remains to form the cake. The cake goes into lard compound, while 
the oil finds rapidly extending use as a salad-oil and in the packing 
of sardines. 

As the products of crude cottonseed-oil are increased in purity 
by successive processes, increased skill and capital become necessary. 
As a result, the establishments producing the refined grades are few 
in number. 

Classification of Winter Oils. — Different grades of summer oils 
produce corresponding grades of winter oils. According to the 
rules regulating transactions in cottonseed-oil among members of 
the New York Produce Exchange, two chief grades arc recognized 
as follows: 

Winter white cottonseed-oil, to pass as prime, must be straw- 
white to white in color, brilliant, sweet in flavor and odor, and must 
stand limpid at a temperature of 32° Fahr. for five hours. 

Winter yellow cottonseed-oil, to pass as prime, must be brilliant, 
free from water and settlings, sweet in flavor and odor, of straw 
color (not reddish), and must stand limpid at a temperature of 32^ 
Fahr. for five hours. 

According to the same rules, tests for winter cottonseed-oil shall 
be made as follows: A regular 4-ouncc sample bottle shall be filled 
full of the oil to be tested; a thermometer shall be inserted through 
the cork of the bottle, and the bottle hermetically sealed. The oil 
shall then be heated slowly to a temperature not exceeding 80° 
Fahr., and remain at that temperature not exceeding fifteen minutes. 
It shall then be chilled until it stands at 32° Fahr., at which point 
it must stand for five hours, and must be clear, brilliant, and 
limpid at the expiration of that time. 

Nature and Valuation of Fullers’ Earth. — Agitation with full- 
ers’ earth and filtration is the almost universal method fpr the clari- 
fication of oils. Originally, all the fullers’ earth used in the United 
States was imported chiefly from England, but in recent years 
deposits of very good quality of earth have been discovered and are 
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being worked in this country. The color, taste, physical condi- 
tion, or chemical analysis does not determine the value of this lx)dy 
for bleaching purposes. This can be determined with certainty 
only by practical experiment with the oil to be bleached. When 
dry it adheres strongly to the tongue, but many clays, with which it 
may be regarded as of similar character, do the same. Unlike 
clay, it lacks plasticity; it has a high ])ercentage of combined water, 
and a content of alumina rarely exceeding 15 per cent. Its natural 
color varies from brown, gray, to dark blue, due to the presence of 
organic matter. Fullers’ earth was originally used for cleansing 
cloth of grease and also by furriers for cleaning furs. Its chief 
physical characteristics are its fine grain, non-plasticity, and that 
when thrown into water and broken up, it forms a somewhat floc- 
culent mass. Its commercial value resides in its high absorbent 
and decolorizing power. In its preparation for market, the usual 
method, after mining, is to spread the material in a thin layer over 
a drying- floor, although a more modern method is to heat it by fire 
in cylinder dryers. Before putting it through the dryers, it is first 
pulverized. In drying it assumes a white color and parts with 
upwards of 60 per cent, of moisture. It is then sieved into various 
degrees of firmness, usually 100 or 120 mesh, and put in bags for 
shipment. 

Press-cake.— The residue left in the filter-press and forming 
the cake is fullers’ earth plus absorbed organic matter, with more 
or less retained oil. The quantity of the latter may be reduced to 
a minimum by steaming out the press. The disposition of the oil 
thus separated by steam will be determined by its quantity and 
quality. The oil yet remaining in the cake, while of considerable 
amount in the long run, is valueless considering the expense of its 
recover>\ The press-cake is a worthless by-product. 

Cottonseed-oil Soap-stock.— The sludge remaining in the refin- 
ing-kettle after the removal of the supernatant yellow oil for treat- 
ment in the finishing-kettle, consists of neutral oil, caustic soda, soda- 
soap of oleic acid, together with coloring-matter of the seed and albu- 
minous and mucilaginous matter which constitute a considerable pro- 
portion and the most offensive part of the loss on refining. This 
mass contains the material which, disseminated in suspension and 
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solution in the crude oil, supplies the cause for the decomposition 
and deterioration of the neutral oil. It is dark in color, of offensive 
odor, and exceedingly troublesome to handle. On exposure to air 
oxidation with decomposition of the unstable albuminoids ensues 
rapidly. 

A more complete separation of the mechanically mixed oil is 
effected by transferring the raw soap-stock to a tank rc'^crvcd for 
this purpose, where it is again heated iq) to allow the good oil to 
rise to the surface, whence it is skimmed off to be reworked with a 
subsequent batch of crude oil. The material may then be run into 
suitable packages and disposed of in its original untreated form, 
or put through a process of purification whereby practically all of 
the non-oleaginous matter is separated. 

f purified, the raw stuff is transferred to a kettle especially 
reserved for this purpose and allowed to accumulate in sufficient 
amount for treatment. The procedure of the purification of this 
material s practically that of soap manufacture. The nature of 
its utilization will depend largely upon manufacturing conditions 
at the place of its production. If a ‘oap-factory is operated in • 
connection with the refinery, it may be transferred thence and its 
manipulation become part of the teclinical procedure of that depart- 
ment. If sold in a ])urified form to soaj) manufacturers it is treated 
at the refmery and forms a commercial by-product of that enterprise. 

According to rules governing transactions in cottonseed products 
all sales of raw soap-stock, unless otlierwise agreed upon by buyer 
and seller, arc sold upon a basis of 50 per cent, fatty acid, not to 
fall below 40 per cent. If containing less than 40 per cent, fatty 
acid soap-stock shall not be considered merchantable. Delivery 
to be made in iron-bound hardwood packages or tank-cars. 

A contract tank-car of soap-stock shall be 50,000 pounds unless 
otherwise specified. 

The crude soap-stock is similar in its character to the “nigre” 
of the soap industry; the former is the concentrated impurities of 
the crude oil, containing more or less oil according to thp complete- 
ness of its separation; the latter is soap containing the impurities, 
with much water, that have settled out during the period of cooling 
that a boiling of soap undergoes preparatory to crutching and fram- 
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ing. To utilize the nigre after the supernatapt pure soap has been 
crutched and framed, it is boiled up and grained with dr)^ salt and 
the impurities and coloring-matter precipitated into the sub-lye. 
This is run into the sewer and the grained nigre is ready to be used 
in subset |uent boilings of soap. 

Wliere it is desired to transform the crude soap-stock at once 
into a merchantable article it is boiled up with the excess of alkali 
left on refining. The alkidi is absorbed, leaving an excess of free 
oil. When al:)s()rpti()n is complete, as determined by the taste, dry 
salt is added in sufficient quantity to give the soap a good, close 
grain, and the contents of the kettle are allowed to stand. The very 
impure and foul sub-lye is discharged into the sewer. Water is 
now added to the kettle, which should be boiling gently, until the 
soap is closed. I'he soap is again grained as before and the sub- 
lye run off. This washing ])rocess is repeated until the desired 
brightness of color is obtained. When this condition is reached 
the soa}) may be brought to a coarse finish and run directly from 
the kettle into suitable packages; or it may be allowed to cool after 
' the manner of ordinary settled soap to allow impurities to settle 
into the nigre, after whic'h this good soap is barrelled, and the nigre 
boiled up and grained for reworking in subseciuent batches as de- 
scribed before. The soap thus obtained is firm, brown to yellow 
in color according to the degree of purification, and contains more 
or less unsajionified oil. The odor, while not offensive, is character- 
istic and persistent, which, with the color, gives unmistakable evi- 
dence of its origin in all detergent products made from it. 

The utilization of this material for soap manufacture, either 
alone or in admixture with varying projiortions of off summer 
yellow cottonseed-oil, tallow or grease, and rosin, involves its com- 
plete saponification. This treatment of the subject is reserved for 
the section dealing with the use of cottonseed products in soap 
manufacture. 

Determination of Fatty Acids in Cottonseed-oil Soap-stock.—- 

About 10 ghims of the sample, more or less, according to the amount 
of moisture present, are weighed out into a beaker of convenient 
size and dissolved in the least amount of hot water necessar)' to 
effect solution. Run in slowly, stirring meanwhile, mineral acid, 
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either hydrochloric or sulphuric, until an excess is present. The 
beaker with contents is now transferred to a water-bath and heated 
until the liberated fatty acids have melted. The contents are now 
washed into a large test-tube and the whole placed in a refrigerator 
to cool. The fatty acids collect on the surface and solidify in the 
form of a cake. The cake, with all traces of fatty matter adhering 
to the sides of the tube, is transferred to a weighed filler and the 
whole weighed. The weight of fatty acids divided by the weight 
of soap-stock taken, gives the percentage of fatty acids in the soap- 
stock. The free or uncombined oil present in the soap-stock 
remains with the fatty acids liberated from the soap and is weighed 
with them. This method, while not analytically accurate, suffices 
for technical purposes. 

Determination of Free or Uncombined Oil in Soap-stock. — 

About lo grams of the sample, more or less, according to the amount 
of moisture present, are weighed out into an Erlenmeyer flask and 
dried. When the sample is sufficiently dry, the flask is cooled and 
a quantity of petroleum-ether (of a quality that leaves no residue 
on evaporation), sufficient for extraction, is added. A return-flow 
condenser is inserted in the mouth of the Erlenmeyer flask and 
the whole transferred to a water-bath and heated until extraction 
is complete. The extract is then -separated from solid matter by 
filtering through filter-paper, with repeated washing with petroleum- 
ether to insure complete separation of the oil, into a weighed beaker. 
The filtrate is evaporated to dryness on the water-bath and the 
residue weighed. This weight divided by the weight of the sample 
gives the percentage of free, or uncombined oil. 

Determination of Total Fatty Acids in Soap-stock. — To ascertain 
the percentage of fatty acids from both soap and oil, it is necessary 
to complete the saponification of the oil in the samiile with alcoholic 
potash solution. To the weighed sample in an Erlenmeyer flask, 
alcoholic potash solution is added in (juantity sufficient to complete 
the saponification of the free oil; a return-flow condenser is inserted 
in the mouth of the flask and the whole heated, with 'occasional 
stirring, until the soap formed is dissolved. The condenser is then 
removed and alcohol expelled by boiling. The total fatty acids are 
now set free, and washed and weighed as previously described. 
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COTTONSEED PRODUCTS (Continued). 

Cottonseed-oil Cake. Classification. Trimming Cottonsccd-oil Cake. Cot- 
tonseed-meal. Cake and Meal and its Proper Handling. Yield of Cake 
and Meal. Classification. Composition. Quality and Grading of Cotton- 
seed-meal. Uses. Determination of Oil in Cottonseed-oil Cake. Cotton- 
seed-hulls. Uses. Cottonseed-hull Ashes. 

Cottonseed-oil Cake.— On the release of pressure and the descent 
of the ram of the hydraulic press, the cakes, still retaining the heat 
imparted during cooking, arc ready for removal. They arc trans- 
ferred quickly to the ‘^stripping-table,” where “strippers” separate 
the press-cloths, which arc handed at once to the attendants at the 
• cake-former for use again. The hot cakes, firm as a board, are 
loaded upon trucks and taken to the storage- room, where they are 
allowed to remain until cold. A record of the approximate weight 
of seed crushed may be kept by multiplying the weight of cake by 
two, to which sum is added the weight of oil expressed. 

The appearance of the cake indicates the thoroughness of cook- 
ing and the degree of moisture left in the cake. Insufficient cook- 
ing, leaving thereby an excess of moisture in the meats, causes the 
cake to “creep” in the jiress. This condition may also be caused 
by too rapid travel of the ram during the application of low pressure 
to the press. Ends of the cake should be soft. They carry upwards 
of 30 per cent, of oil, which is recovered in trimming. Hard ends are 
the resul^ of “creeping,” and cause interior portions of the cake to 
retain much oil. Thorough cooking, the formation of a cake of 
uniforqi density and thickness, the wrapping of the same in press- 
cloth so that no unevenness is jiroduced, and the proper application 
of low and high pressure, produce a cake from which the press-cloth 
is easily separated and which contains, after recovery' of oil from 
the trimmed ends, the minimum percentage of residual oil. 

U3 
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Classification. — According to the rules governing transactions in 
cottonseed products, cottonseed-oil cake is graded and classed as 
follows : 

Choice cake must be bright yellow in color, sweet in odor, soft 
and friable in texture, not burnt in cooking, free from excess of 
hulls, and must produce, when properly ground, a bright meal of 
dccp-canary color. 

Prime cake must be of good color, yellowish, not brown or red- 
dish, sweet in odor, firm but not flinty in texture, free from excess 
of hulls, and must produce, when pro])erly ground, a ])rime meal. 

Off cake com])rises all grades of cottonseed-cake which are dis- 
tinctly off in color, taste, or odor, or which have been improperly 
manufactured, so as to incorporate in it a very large jiercentagc of 
lint and hulls, or to produce an exceedingly hard, llinty texture. 

Cottonseed-cake, unless otherwise specified, shall be jiacked in 
good, strong, sound Dundee bags, either new or second-hand, at 
the option of the seller, unless specified in contract. Ikickages must 
be well sewed and in good ship[)ing order and bear a ship})ing-mark 
or a brand. 

Trimming Cottonseed-oil Cake. — The soft ends of the cake 
contain over twice as much oil as the body of the cake. Inasmuch 
as the value of cottonseed-meal for feeding ])urposes lies primarily 
in the protein content and not in the oil, the value of the cake is not 
deteriorated by its removal. The recovery of the excessive per- 
centage of oil from this portion of the cake conduces to efficiency 
of operation by increasing the yield of oil, and as its removal pro- 
portionately increases the percentage of protein in the cake remain- 
ing, the value of the cake is improved rather than otherwise. A 
form of automatic cake-trimmer adapted for use in cottonseed-oil 
mills is shown in Fig. 54. 

The trimmer has a capacity of 21 cakes per minute. The cakes 
are piled on the feed-table of the machine, shown empty in Irig. 54, 
and arc automatically trimmed, one at a time, and automatically 
repiled on the recei\’ing-table, shown partly filled. As the stripper 
is expected to pile the cake on the machine, the re(|uirements for 
extra labor practically disap[>ear. The cakes are trimmed by pass- 
ing between two cutters on opposite sides of the machine, which 



Fig. 54. — Automatic Cake-trimmer. 
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arc free to separate as re(iuired by the individual cake passing 
between them. These cutters arc held against the cake by tension 
weights, which may be increased or diminished according to the 
closeness of trimming required. As the cake passes between them 
the resistance due to its hardness spreads the cutters, which thus 
remove the softer portions of the cake, leaving the hard undisturbed. 
In this way each individual cake is trimmed, irrespective of its 
length, shape of its ends, or the amount of oil carried by it. 

The receiving-table lowers itself automatically by the thickness 
of each cake as it is delivered by the trimmer. Thirty to forty cakes 
may be piled upon it before it is necessary to remo\’e them and 
to raise the table to its former position. The table is mounted on 
the upper end of a vertical plunger, working in a hydraulic cylinder 
extending through the floor, and is raised by water or oil pressure 
taken from i)iping carrying pressures from 40 to 4000 pounds per 
square inch. 

The meal removed from the cake, which is very fine, passes 
through openings in the feed-table and may be returned directly 
to the kettle by sjiouting and conveyors. Each trimmer with receiv- 
ing-table requires a floor space of about 6'.8X5'.3. Two or three 
horse-power is the estimated requirement for the machine. 

The abraded ends of the cake are worked over with fresh meats 
in the cooker. As they arc considerably dryer the addition of more 
or less water is required for their proper reduction. The propor- 
tion of cake-ends and meats must be determined by the judgment of 
the cook. 

Cottonseed-meal, — When ready for reduction, the cool and dry 
cakes are fed into a cake-breaker, a form of which is shown in 
Figs. 55 and 56. The cake is discharged from the breaker in small 
fragments, which are fed directly into the mill (Fig. 57). In mills 
of this type, which mark a great improvement over the old buhr- 
mill, reduction to powder or meal is effected by attrition. An attri- 
tion mill consists essentially of two upright reducing discs or plates, 
both of which revolve, one in opposite direction from the other. 
The material to be reduced is fed regularly from a hopper on top 
of the mill into the centre or eye of one of the discs and is thrown 
back and forth against the surfaces. The particles of cake, treated 
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in this way and by contact with themselves, are quickly reduced 
to meal of any degree of fineness desired. 

Cake and Meal and its Proper Handling.— First I would say:* 
Prepare and cook your meal well. Cooking meal projjerly is abso* 
lulely necessary in order to get a bright linn cake. Too much atten- 
tion cannot be given the cooking of the meal, and mv e\{)erience 
has taught me to judge the meal \\helher cooked jiroperly or not 
by the condition of the cake* when taken from the j^resses. if the 
cakes are very dark and while being pressed a great deal of the meal 
slips, or ( rawls out of the ])resses, it is evident that there is too much 
moisture' in the' meal, or it is too “green,” i.e., not cooked enough. 
Such cake when cool is verv hard and of dark color, w’ill stick to- 
gether in the stacks, and is hard to break. Increased power on the 
cakc-mill to grind is necessary, and w'ith this kind of cake the super- 
intendent cannot turn out prime meal, therefore causing a loss to the 
milk On the other hand, say you are w'orking dry seed; the raw 
meal as a result is very dry; the cook perhaps has the steam- j)rcssure 
on the heaters too high and holds the meal in the heatcTs too long, 
not using any moisture; the result is the cake wall be trotiblesome 
to get in the presses. The meal being dry and spongy, the former 
does not press the cakes small enough to let them go in the press- 
boxes W'ith ease, so there is a hardship on the panman; after the 
pressure is put on them they wall hang and stick to the boxes and 
break and scatter on the lloor and perhaps you will not get one whole 
cake out of a pressing; the loss in this cake is greater than in the 
other; the yield of oil is less and both the cake and oil arc scorched, 
rendering them both of off ((uality, besides the large per cent of oil 
left in the cake. 

The necessity of proper cooking to make a prime cake is thus ap- 
parent; therefore sec to it that your cook gets his meal right; also 
see that^he former- man keeps his former in good trim; have him 
keep the meal-carriage cleaned out; also the tray, so the former wall 
make a uniform cake of even density, thereby saving your press- 
boxes from being sprung out of shape and making a good solid. 


* A paper prepared by J. P. Bass, Morgan, Texas, and J. H. Settle, Denton, 
Texas, read before Oil-mill Superintendents’ Association, Sherman, Texas, May 
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firm cake from end to end. After the proper amount of pressure 
is put on them there is not left in them more than seven or eight 
per cent, of oil; they will slip out of the ])resses easily and the cloths 
will strip off easily, thereby making a saving in the press-cloth ex- 
pense. 

Have the cake-stripper to handle the cakes carefully to avoid 
breaking tliem; it is a nuisance to handle broken cake; it is a loss 
of time and unnecessary work. By careful handling from the presses 
to the stacks you can avoid having so many ])ieces or scraj) cake 
that take u]) so much space in the cake- room and consume so much 
time in handling; besides, it is often that a nut, small bolt, or a piece 
of iron of some kind will get in the scrap-pile of cake and be fed into 
the cake-mill, thereby breaking or gapping the grind ing-i)lates. 

The demand for l^roken cake or cake sacked from the breaker 
is increasing e\ery year. Feeders prefer it to mc'al, especially for 
their stock cattle, as it is less trouble and expense, they not ha\ing 
to build troughs to feed in, but simidy scatter the broken cake on 
the gnnind; so for that class of trade it is best to .screen the cake, and 
you can do that with ^er) little c'xpense by placing a screen between 
the elevator and sacking-spout, .sloping .so that the cracked cake will 
fall over it and all the fine j)articles and meal will fall through. In 
a da\'s run you will get from two to three tons of .screenings. All 
this is a sa^ ing to the consumer. The screenings can then be thrown 
back, })Ut through the cake-mill and made into meal. 

Do not let your cake-room fill uj) with Inilk cake: it takes up too 
much roon'i and does not pre.sent a good ai)pearance. Make it into 
meal or cracked cake as your trade may demand; then your prod- 
uct is always ready for the market, and if you have it sacked you 
always know how much you have on hand, and you will not have 
several days’ grinding to do after you .shut down, as is often the case. 
Sec that the breaker does its work ])roperly. I heard a .i,',()ckman 
who had bought a lot of cracked cake from a mill say that the cake 
was so hard and in such large jfieces that it gave his cattle the lump- 
jaw to eat it; so you see that your breaker breaks the cake into 
small pieces; the cake-mill will grind it easier and it will give better 
satisfaction to your customer. Have your cake-mill properly ad- 
justed, well trimmed and balanced with sharp discs or plates, and 
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set to grind your meal to suit your trade. See that your millman 
keeps his scales clean and always balanced at one hundred pounds, 
and that the sack-sewer sews the sacks well and strong so that the 
ends of sacks will not burst and waste the product. Have the trucker 
to stack the sacks in uniform lows so they will have a neat appear- 
iince, and you can at any time cheek them up and get an accurate 
count. Kee{) your mill-room cleaned uj); do not allow your meal 
to scatter over the lloor and waste, and also see that your cake-mill 
* is kept clean and well oiled. 

Some mills sell their cake in bulk where it is prolitablc. That 
is a \Qry nice way to handle cake. The siij)erintendent is always 





Fk;. 55.— Cdke-breaker. 

glad when the manager inform^ him that he has sold a large ship- 
ment of cake, for somc'times the cake-mill will give a good deal of 
trouble, especially if he* has a “green” crew, and then it takes con- 
siderable ])ower to })ull the mill if you have to grind very line for 
export ^Tade; so I think it acKisable to shij) loccse bulk-cake when 
you can disj)ose of it at a fair prolit and load it right from the presses 
to the car, pieces and all; then you are relieved of a great deal of 
labor and trouble. 

Yield of Cake and Meal, ^By reference to Table 3, it will be 
seen that the average yield of cake and meal per ton of seed, as 
ascertained by the olTicial investigators of the XII. Census, is 713 
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pounds, this figure being the average of yields obtained in the differ- 
ent States of the cottonseed-producing territory of the United States, 
ranging from 800 pounds in Florida, Kansas, Missouri, and Illinois, 
which with the exception of Florida raise no cotton and treat only 
seed imported from other States, to 670 pounds in North Carolina. 
The average yield of 670 pounds of cake and meal per ton of seed 
amounts to 35.7 per cent. 

Classification. - Rules for the government of transactions in 
cottonseed products re([uire a ton of cottonseed-meal to be 2000 
pounds unless otherwise stated. A sack of cottonseed-meal is 
100 pounds gross weight. 

Cottonseed-meal is graded and classed as follows: 

Choice . — Must be the product from choice cottonseed-cake when 
finely ground; must be perfectly sound, sweet, and light-yellow color 



Fig. 56 . — Cake-breaker — Interior View. 


(canary), free from excess of lint and hulls. Analysis must show 
at least 8 per cent, ammonia. 

Prime . — Must be made from prime cake, finely ground, of sweet 
odor, reasonably bright in color, yellow, not brown or reddish, and 
free from excess of lint or hulls, and by analysis must cof.tain at 
least 8 })er cent, of ammonia. 

Ojj . — Any cottonseed-meal wUich is distinctly deficient in any 
of the requirements of prime quality, cither in color, odor, texture, 
or analysis, or all. 

When off meal is sold by sample, delivery shall equal sample 
in every respect except in ammonia test, and shall not be rejected 
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if the meal delivered tests not more than one-half of i per cent, less 
ammonia than the ammonia content of the sample, but shall be 
reduced by a corresponding per cent, of the contract price; other- 
wise it can be rejected outright. 

Cottonseed- meal shall be j)acked in good, sound cental or laplata 
bags, either new or second-hand (except where otherwise sti[)ulated 
for packages designed for export in kilo or other bags), 100 pound-^ 
gross weight; which must be well sewed and in good shipping order 
Vind bear a shipping-mark or a l)rand. 

Composition.— Cottonseed-meal, as ha^ been already explained, 
is the ground residue or cake left after the extraction of the oil by 
pressure. It is bright yt'llow in color when fresh, with a sweet, 
nutty flavor, but becomes discolored and deteriorates with :ige. 
Th(' black specks seen in some samples show either an accidental 
impurity or an intentional adulteration with hulls. Its compo- 
sition depends upon the ((imposition of the seed and on the com- 
pleteness with which the hulk and kernels are se[)arated and the 
oil expressed. Improvements in oil machinery have constantly 
reduced the percentage of oil left in the cake. 

The following table gives a summary of the results of over 400 
analvses of cottonseed-meal with reference to food ('onstituents, and 
probably shows very accurately the average composition of decor- 
ticated cottonseed- meal as found in the American market : 

TABLE 11. -FOOD CONSTITUENTS OF COTTONSEED-OTL MEAL. 
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Its composition with reference to fertilizing constituents is shown 
by the following summary of results of 204 analyses: 


TABLE 12.— FERTILIZING MATERIALS IN COTTONSEED-OIL MEAL. 



Water. 

Ash. 
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Phosphoric 

Acid. 
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Quality and Grading of Cottonseed-meal. — In the sale of a prod- 
uct whose commercial \alue is determined by chemical analysis it 
is naturally to be expected that more or less frc(iuent contentions 
arise between the buyer and the seller on this subject. These dif- 
ferences arise chiefly from the fact that different standards of quality 
are recognized by the ])roducer, the broker or middleman, and the 
buyer. For a discussion of this branch of the subject of cottonseed- 
meal we can do no better than direct our attention to recent com- 
munications on this subject by Edwin L. Johnson to the 0 / 7 , Painty \ 
and Drug Reporter: 

“Even with sound seed there is a great variation in character 
of cake and meal, which is exceedingly embarrassing to buyers and 
causes great losses in the feeding of cattle. In view of the numerous 
grades of cotton and cotton-oil and the great help these grades arc 
to the buyers in selecting what they want, it is clear that only two 
grades, prime and off, of cottonseed-meal are not enough for either 
present trade or manufacturing conditions, and that the time has 
come when we should no longer turn out cottonseed-meal just as it 
ha])pened to run through the mill, but should vary our methods of 
manufacture and maniy)ulation so as to make the meal conform to 
the object for which it is to be u.sed. For instance, what is needed 
for the mixers of feeding-stuffs should be of high protein content; 
what is needed for fertilizer-makers should be of high anmionia 
content; and what is needed for the feeders of straight meal should 
be of lower protein and fat content so that it may be fed more safely 
with less waste and in greater cpiantilies than at present. The mar- 
ket for cotton.seed-meal is capable of a very great develo})mcnt if 
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the meal itself is made more uniform and with reference to the uses 
to which it is to be put. 

“The controversy between buyers and sellers is as old as time 
itself. This controversy has resulted in a peculiar situation in the 
cottonseed industry, d'he standards and rules upon which the 
American oil-mills sell are not those upon which the foreijj^n ljuyers 
buy. There are four separate and distinct grades of meal made 
from sound decorticated cottonseed sold on the market. These 
-’Vire: first, meal containing 7^ per cent, ammonia, recognized by 
the laws of the Southeastern States and at the last con\ention 
of the Interstate Crushers’ Association; second, meal contain- 
ing 8 per cent, ammonia, recognized by the Interstate Crushers’ 
Association; third, meal containing 52 per cent, combined fat 
and protein, used by the English buyers; fourth, meal containing 
58-60 per cent, combined fat and protein, used by the Continen- 
tal buyers. The foreign buyers hardly recognize the first two, and 
the Interstate Crushers’ Association does not recognize at all the last 
two. d'he middleman has to buy on one set of standards and rules 
; and sell for export on another. Hence great confusion and the 
refusal of many mills and buyers either to sell or buy except upon 
sample or analysis. This is not a satisfactory state of affairs. It 
results on the one hand that the foreign buyers want the meal to 
contain all the ammonia or protein and fat possible, with restric- 
tions on the amount of hulls, and on the other that the oil-mills 
want to make all the oil and cake they legitimately can from a ton 
of cottonseed. The oil-mills contend that any increase in amount 
of hulls lowers the ammonia content, and as they have provided an 
ammonia restriction on the meal, they have ])rovided all the check 
that is needed on the amount of hulls in the meal, two dilTerent re- 
fjuirements to accomplish ])ractically the same thing being unneces- 
sary. They are further opposed to lumping the fat and ])rotein 
content!^ together in a standard, on the ground that the very object 
of thc‘» oil-mill’s existence is to get the oil out of the seed, and the 
more they -get out the larger their profits. And so the contest 
goes on. 

“Now is any compromise possible? After looking over the situ- 
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alion carefully I think there is. Compromise means concession on 
both sides. 

“The foreign buyers would certainly get in much closer touch 
with the oil-mills if they would accept the ammonia basis without 
fat requirement for all except the very highest grade of meal, and 
might reasonably ask that an additional grade of meal be recog- 
nized by the Interstate Crushers’ Association to lake tlie place of 
their 52 per cent, combined fat and protein standard. Eight and 
a half per cent, ammonia meal would give them this, for it is equiva^ 
lent to 43.77 protein, and the average fat of cottonseed- meal as il is 
made is higher than the 8.27 per cent, fat necessary to bring this to 
a total of 52 per cent, combined fat and protein. T suggest therefore 
doing away with the 52 per cent, combined fat and i)rotein standard 
and substituting in its place a grade reciuirement of 8.J, per cent, of 
ammonia. If the foreign buyers concede this much, 1 see no reason 
why the oil-mills should not recognize as the highest grade 60 per cent, 
combined fat and protein, for it is a well-known fact that no oil-mill 
can make this highly concentrated meal without leaving a great 
deal of oil in the meal in process of manufacture, and this being the*, 
case, they might as well include the fat in this high grade and get 
pay for it as well as for the ])rotein. A very little of good will and 
concession on both sides w'ould put our cottonseed -meal trade on a 
much better and more satisfactory basis and give us a single set of 
grades and rules instead of the present unsatisfactory and confusing 
double set. 

“Now, it is a wa*ll-known fact that the average oil-mill man w^ants 
to be troubled as little as possible with analyses of meal. Hence it 
would be well to have names for these grades. We might call the 
7 1 percent, meal ‘Inferior’; the 8 j)er cent. ‘ ITime’ ; the per cent. 
Xhoice, ’ and the 60 per cent. coml)ined fat and j)rotein ‘ Extra.’ But 
as the oil-mills would not want their meal discountenanced by such 
a name as ‘ Inferior,’ and as 7.J ])er cent, ammonia meal is prime, both 
by law and Association Rules in the Southeast, it would lx> 1 x 41 "^^ 
to take a new' name for the 8 j)er cent, ammonia meal* and call it 
‘Superior,’ giving the w'ord ‘Prime,’ wTich is only a name after all, 
to the 7 1 })er cent, grade, thus avoiding confusion and putting all 
the States on an equality. The grades and names w'ould then read; 
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** Prime cottonsccd-mcal, 7J percent ammonia (fat not included). 

“ Superior cottonseed meal, S |)er c'ent ammonia (fat not included). 

“ Choice cottonseed-meal, jx.“r cent ammonia (fat not included). 

“ Extra cottonseed-meal, 60 i)er cent, combined fat and protein. 

“An avcnigc ton of seed T caleidatc would turn out according 
to the way in which it was worked 925 lbs., 850 lbs., 775 lbs., 700 
lbs. of rneal in making these grades. Hence the prices would vary 
and would soon be generally known and regularly (pioted. As a 
result the oil-manufacturer who cared to follow up his cottonseed 
and his meal closely from week to week by analysis could select that 
one of these grades to make which best suited his seed, his mill, and 
his markets. The manufacturer who did not wash to do this need 
only as soon as he was well started on a new season send an average 
sample of his meid to some commercial body to find out its classifi- 
cation or grade and then sell by the grade name w'ithout troubling 
about analyses. 

“Tn conclusion I would again call the attention of our foreign 
friends to the fact that cottonseed manufacture in the United States 
IS a very complicated matter, as the differences in the raw' product, 
seed, arc very great from season, climate, soil, and varieties in the 
cotton ]:>lant. They ought not therefore to be too hasty in attribut- 
ing bad faith or practice to the American manufacturer. 

“(bi the other hand, our mills should remember that the uses of 
cottonseed-meal are many, and in giving the buyer a larger choice 
of grades they arc enlarging their markets and ])romoting the con- 
sumption of one of their chief products.” 

Uses,— As will be seen by the preceding tables, cottonsced-mcid 
is poor in carbohydrates (starch, sugar, etc.), but is rich in fat and 
protein (nitrogenous matter). In fact it is so rich in the latter 
constituent that it can be utilized to advantage as a food for animals 
only when mixed with some coarse fodder rich in carbohydrates, 
thus furnishing a more evenly balanced ration. 

a^^In eom])arative valuations of feeding-stuffs it has been found 
that cottons^ed-mcal exceeds corn-meal by 62 per cent., w’heat by 
67 per cent., and raw' cottonseed by 26 per cent. As regards digesti- 
bility, cottonseed-meal compares very favorably w'ith other con- 
centrated feeding-stuffs, as the following statement of the amounts 
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of digestible food ingredients in 100 pounds of meal will show; 
Protein, 37.01 pounds; carbohydrates, 16.52 pounds; and fat, 12.58 
pounds. 

Cottonseed-meal is extensively used as a fertilizer, and for this 
purpose the price is determined on the same basis as that used in 
calculating the value of other commercial fertilizers. It frequently 
happens, even in Northern States, that cottonseed-meal can be 
bought for less than its fertilizing value, calculated on the above 
basis. 

Although cottonseed-meal contains considerable percentages of 
phosphoric acid and potash, a large proportion of which has been 
shown to be readily available to plants, it is chielly used as a source 
of nitrogen in fertilizers. Cottonseed-meal has given excellent 
results, especially in the Southern States, as a fertilizer for sugar- 
cane, cotton, and corn. It has also been successfully substituted 
for barnyard manure in the culture of tobacco. 

While cottonseed-meal, as the above facts show, has high value 
when applied directly as a fertilizer, a more rational practice is to 
feed the meal to animals and apply the resulting manure to the 
soil. From 80 to 90 ])er cent, of the fertilizing materials of the 
meal will thus be recovered in the manure, and additional benefit 
will be secured in the production of meat, milk, etc. 

Determination of Oil in Cottonseed-oil Cake. — Frecpient deter- 
minations of the amount of oil left in the cake should be made, not 
only for ascertaining the efficiency of operation of the press, but for 
ascertaining as well the absolute percentage of oil in the cake, as an 
ingredient of a marketable commodity. The same determination 
should be applied to the seed, which vary greatly in oil content, 
according to the season, degree of maturity, and geographical 
origin. The principle of the determination is that of simple extrac- 
tion of the oil with petroleum ether, the evaj^oration of the ether 
extract, and the weighing of the residue. For this purpose *a variety 
of fat-extraction ajiparatus arc in use. The simple melhod ^yf 
fat extraction described as used for determining free 'fat in soap- 
stock is likewise applicable to powdered oil-cake. The apparatus 
is inexpensive, and the results, while not absolutely accurate, are 
sufficiently so for technical purposes. Instructions for using the 
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various forms of extraction apparatus are available in advanced 
treatises on chemical analysis. 

Cottonseed-hulls. — The hulls, as detached from the meats by 
the hullcr and separated from them by the hull and meat separator, 
constitute almost one-half of the weight of the seed. By reference 
to Table 3, this proportion for the entire cottonseed-producing ter- 
ritory is seen to average 943 pounds. The hulls are hard and dry 
and retain varying amounts of fuzzy lint that has escaped removal 
in the delintcr. They are so bulky as to make storage dilTicult 
and are liable to heat when stored in bulk. As fast as they accu- 
mulate it is customary^ to put them up into bags or bales containing 
100 pounds each. Analyses of hulls show them to be chiefly crude 
fibre and nitrogen-free e.xtract matter, these two constituents, with 
water, constituting more than 90 per cent, of the hulls. Hulls, even 
from the same mill, however, vary widely in composition, owing 
to imperfect removal of the lint or the adherence of more or less 
of the kernel. The following table shows the minimum, maxi- 
mum, and average composition of the hulls, compiled from 22 
analyses: * 

TABLE 13.— FOOD CONSTITUENTS OF COTTONSEED-HULLS. 


Fresh, or Air-dry, Material. 
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Before the general recognition of the value of hulls alone, or as 
a diluent for richer food, as cottonseed- meal, for cattle, a large pro- 
portion of the amount obtained was used for fuel at the mills. 

The utilization of the hulls in the manufacture of paper- stUc. 
is an industry of stupendous possibilities which has ' not as yet 
emerged beyond the experimental stage. The suitability of the 
hull with the adhering fibre as raw material for certain grades of 
paper, notably blotting, board, and for mixing with other stock for 
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writing-paper has been demonstrated, but obstacles arising chiefly 
from inexperience in its treatment, loss in bleaching, and the use 
of machinery and appliances different from that required for wood- 
and rag-pulp, delay a general recognition of what at no remote 
date will be regarded as a valuable paper sto.k. 

Bockmeyer describes a process of treatment whereby cottonseed- 
hulls, cotton -waste, and other vegetable fibre may l)e decolorized 
and otherw'ise rendered fit for various uses and ajiplic atioiis in the 
arts. 

The strengths of the solutions to which the material is subjected 
and w'hich are given hereinafter in the detailed description of the 
process are particularly adapted for the treatment of cottonseed- 
hulls, and the various steps involved in the process are therefore to be 
understood, w'ith respect to composition of the solutions used, as 
a})plying to the employment of cottonseed-hulls for a raw material. 

In carrying the present process into practical effect the hulls 
after having been ground by suitable means (and if other vegetable 
material is used this likewise being reduced to a comminuted condi- 
tion) are subjected in a proper receptacle to the action of an alkali, 
d'his alkali may be in solution, for the making of w’hich commercial 
sodium or potassium hydrate may be used. This solution is prefer- 
ably a one- or two-jier-cent. solution approximately, and it is preferred 
to pass live steam into the mixture from one or two hours, as may 
be found necessary. The alkali serves not cmly to cleanse the waste, 
but to saponify and remove the oily matters that may be present, 
and tends to break down the intricate structure of the seed-shell 
particles disseminated as a result of the grinding operation through- 
out the mass. In this loosened condition such particles more read- 
ily and effectively undergo the subse(iuent decolorizing or bleaching 
process. If it is desired before i)assing to the next step to remove 
the oily matters, dirt, etc., taken up or rendered soluble by the alkali, 
the solution is then drawm oil and the mass wxishe<l with water. 
Thc*wa^ed hulls, etc., are now again mixed with a one-per-cent, 
alkaline solution which may, as before, be made from sodium or 
potassium hydrate. The presence of this free alkali tends to pre- 
vent the contraction of the shell structure and the collapse of the 
fibre-tube of the cotton. Chlorin gas is thereupon passed through 
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the mixture until the hulls, etc., are completely decolorized and 
bleached, it being desirable that the mass be kept in agitation while 
the gas is passing in, in order that all parts of the mixture may be 
reacted upon thereby. The chlorin will act on the coloring-matter 
of both the fibre and the seed-shell particles, as well as upon the 
alkali, it being therefore present during the decolorizing process in 
a nascent state. With the alkali the chlorin forms a soluble com- 
pound, which with other soluble matter may, if desired, be removed 
before the SLibse(|uent “souring” operation by removing the liquid 
from the bleached product and thoroughly washing the latter with 
w’atcr. The next step in the treatment involves the subjection of 
the chlorin-impregnated mass to a reagent or reagents capable of 
forming, witli the excess chlorin present, an inert compound with- 
out effecting the reaction or resulting thereafter in a [lermanent 
return of objectionable discoloration. Such a reagent is oxalic 
acid, and if this be used the bleached hulls are next thoroughly 
mixed with a solution of the at id and left for a period of thirty min- 
utes to an hour, after which the mass is thoroughly washed with 
water, yielding the finished product. This is drained and may 
afterward be dried or not, as desired. 

Instead of the oxalic-acid treatment the hulls after bleaching 
may be first mixed with a one-([uarter-of-one-pcr-cent solution of 
ammonia and tlien with a one-(|uarter-of-one-per-cent solution of 
carbonate of soda. 

The strengths of solutions given have been found to }ield good 
results in practice, although, of course, Bockmeyer does not limit 
himself to the exact percentages specified. Moreover, wTile solu- 
tions of the specified strengths have been used for the treatment o( 
cottonseed-hulls w'ith the result of obtaining a clear wdiite highly 
absorbent fibre free from s])ots and discoloration, in the event of 
employing vegetable materials or fibre of other characters, experi- 
ence has demonstrated that the percentages specified Should be 
somewdiat modified to secure the best and most commercially sTrtis- 
factory product. 

A more extended preparation of the hulls for feeding purposes 
consists in grinding and bolting, the finished product resembling 
linseed-meal in appearance. This product is mixed in varying 
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proportions with cottonsecd-meul and sold under the name of cotton- 
seed-meal bran as a combination food, analysis showing that in 
its essential nutritive ingredients it is superior to wheat-bran. 

Cottonseed-hull Ashes. — Cottonseed-hull ashes have been on the 
market since 1880 and have come into great demand as a cheap 
potash supply, especially among tobacco-growers. The (juality of 
these ashes varies greatly on account of impurities introduced, 
principally by the use of other fuel, with the hulls. The following 
table gives a summary of 185 analyses of this material: 


TABLE 14.— FERTILIZING ( '( )NSTrrrE\TS IN COTTONSEED- 
HELL ASIII.S 
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- V 
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-«5 1 
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2 2 ^0 

0 V 

0 7 - 

H) G 

’ 7 ' 5 

11 

Avcru^u 

tl.OO 

O.OS 

2:!.40 

s..s:> 


10.57 


The potash exists largel} as caiTonate, which is readily avail- 
able to plants, but there i'^ aho a considerable percentage of silicate 
of potash which is difficulty axailable. The \alue of cottonseed- 
hull ashes depends almost exclusively upon the amounts of potash 
and phosphoric acid they contain. 
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MANUFACTURE OF OLEOMARGARINE AND LARD-COMPOUND. 

Utilization of Cottonsecd-oil for Edible Purposes. Manufacture of Oleo- 
stearin and Oleo-oil. Manufacture of Neutral Lard. Manufacture of 
Oleomargarine; Historical; Apparatus; Ingredients; Use of Cottonseed- 
oil; Procedure of Manufacture. Manufacture of Lard-comfX)und: Ingre- 
dients; Manufacture of Lard-stearin. Mixing. Some Fertilizer History. 

Utilization of Cottonseed-oil for Edible Purposes. — The perfect 
edibility of refined cottonseed-oil permits its use for every purpose 
for which animal fats are commonly used. Its most important use 
for edible purposes is in the manufacture of a substitute for the fat 
of swine, or lard. This substitute has come to be known as lard- 
compound. It consists of summer white cottonseed-oil and olco- 
stearin mixed in various proportions, and sometimes with a small 
percentage of genuine lard. The use of next importance is in the 
manufacture of a substitute for butter. This product is commonly 
called oleomargarine. It is made in various grades according to 
the proportions of the different ingredients used. The character- 
istic ingredients arc oleo-oil and neutral lard, with varying amounts 
of summer yellow cottonseed-oil according to the quality of the 
finished product, together with milk, salt, and coloring-matter. In 
grades of superior quality some butter may be used. 

Important direct uses of refined cottonsecd-oil arc: as a table 
or salad oil, for which winter yellow oil is commonly used; for pack- 
ing sardines, for which summer yellow oil is used; and as a com- 
plete or partial substitute for many purposes for which olive- oil is 
used. 

Manufacture of Oleo-stearin and Oleo-oil. — Olco- stearin is the 
base of lard- compound; oleo-oil with neutral lard is the base of oleo- 
margarine. They are obtained from choice beef fat by a process of 
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hcatj^ig the finely divided fat in open kettles, removing and wash- 
ing the liquid fat to separate the tissue; then crystallizing the fat 
and subjecting it to pressure whereby the olco-oil separates as a 
liquid, eaving the stearin as a solid fat. 

After the animal is slaughtered the fat is removed and placed 
in a vat of warm water, where it is thoroughly washed to remove 
blood and adhering impurities. It is then chilled and hardened 
with a bath of ice-water, after which it is finely comminuted by 
cutting- machines and melted in steam- jacketed caldrons at a tem- 
perature of about 160° Fahr. Slowly revolving agitators keep the 
fat moving until the melting process is complete, when the whole 
is allowed to settle. Fig. 58 represents a car of comminuted fat 
from the cutting- machine being dumped into the melting- kettle. 
The settling process is accelerated by the addition of salt, which is 
scattered over the entire surface of the liquid and settles the fibre 
or “scrap” to the bottom. After the first settling the clear oil is 
carefully siphoned to a second series of jacketed caldrons, usually 
on the lloor below, where more salt is added, and the temperature 
• controlled until a second settling is completed. This demembran- 
ized fat is now siphoned into mounted vats and allowed to stand 
from three to five days in a temperature favorable to the crystalli- 
zation of the stearin, a part of which forms a crust over the top and 
the remainder settles to the bottom, leaving the clear oil between. 
It is a common phenomenon in the crystalliza ion of various sub- 
stances whose specific gravity is not greatly in excess of the mother- 
liquor that, cooling first at the top, a portion of the substance which 
is being crystallized out forms a crust over ihe surface and the 
, remaining portion is precipitated. When the vats have s^ood the 
required time the crust is broken into fine particles and the whole is 
given a thorough mechanical mixing, which leaves it of a mushy 
consistency. It is then wheeled to a revolving table surrounded 
by skilled workmen, who wrap the mixture into small packages 
wit^rfanvas cloths, each containing about three pounds, which 
are built info the presses. The oleo-oil is then separated by great 
pressure, slowly and gradually applied, and flows from the presses 
into a large receiving-tank on the floor below, from which it is piped 
to the oleomargarine department or is drawn into new oak tierces 
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and allowed to harden in preparation for shipment to independent 
manufacturers or for export. Fig. 59 shows two presses, one filled 
c^nd the other in process of being filled. 



All manufacturers of oleo-oil follow substantially the method 

^ ’ * 

above described, but the system of grading and the character of 
the fat selected differ greatly. The number of grades manufac- 
tured is from three to five, and when the market is active and prices 
are high, about all the fat taken in slaughtering, both from cattle 
and sheep, is worked into one grade or another. The oil made 
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froi?i sheep fat cannot be neutralized. It retains the characteristic 
odor and ihivor of the animal to such degree as to be unlit for the 
oleomargarine demanded in American markets. It is exported to 
Europe, where there is demand for cheaper oils. With the beef 
fats the character of the animal from which they are taken is the 
most potent factor in the selection. Some manufacturers work 
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into their highest grade of oleo-oil practically all the fat taken from 
a good steer and make one or two lower grades from the fat of 
cows and “canners.” Other manufacturers make their highest 
grade from the caul and other selected fats of the best beeves, using 
certain ’intestinal and other lower forms, together with that taken 
fro.m .poorer animals, in making from one to three lower grades. 
The (luantky of oleo-oil obtained by the process described is, by 
weight, about 50 per cent, of the fat treated. About 28 per cent, is 
stearin and the remainder is shrinkage. The quantity obtained 
from each beef is difficult of exact determination because it varies 
so greatly with size and condition of the animal when slaughtered. 
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Manufacture of Neutral Lard. — Neutral lard is composed o(the 
fat derived from the leaf of the slaughtered animal, taken in a per- 
fectly fresh state. Two grades are made — one from the leaf, the 
other from the back fat of the hog. Its manufacture is almost exclu- 
sively confined to large packing-houses, but there are independent 
manufacturers of oleomargarine located near the packing centres 
who prefer to buy the fat as it is taken, from the animal and work 
it into neutral by their own process. In the packing plants the leaf 
fat is taken from the animal immediately after killing, hung on 
mounted racks, and wheeled into refrigerators to remove as quickly 
as possible all animal heat. It is next chopped finely or reduced to 
pulp by machinery and melted in jacketed kettles exactly similar 
to those used for olco-oil. When the melting process is c()m])lete 
it is allowed to settle, the precipitation of the fibre being accelerated 
by the addition of salt as in the case of oleo-oil. After the settling 
process the clear oil is siphoned to a receiving- tank, and what is 
not used in oleomargarine is tierced for shipment. A good (juality 
of leaf fat will produce by careful handling about 90 per cent, of 
its weight in neutral, and each animal will yield an average of eight 
or nine pounds. Comparatively little neutral is made from back 
fat. The amount used, however, depends much on the relative 
demand for neutral and ordinary lard products, as it is sometimes 
more advantageous to work fats into one form than another. The 
oil made from back fat retains more of the flavor peculiar to lard 
and, like the lower grades of olco-oil, is less free from stearin or 
other undesirable constituents. Some packing-houses mix a small 
per cent, of back fat with the “leaf” in making their highest grade 
of neutral, and oleomargarine manufacturers sometimes use both 
grades of the finished oil in combination. The difference in price 
between the two is usually slight, and neutral made exclusively 
from “leaf’’ is generally sought. Independent manufacturers of 
oleomargarine, who make their own neutral lard, give the fat a more 
extended treatment than that described as the process of the patters. 
In addition to the separation of the fibre by the procesk of settling 
the clear oil is drawn into a large vat of salt water at a low tem- 
perature, where it is again chilled and hardened, and is allowed 
to remain for several hours. It is then placed on shelves to drain 
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and is again melted when ready for churning. This treatment 
carries the neutralizing process to a higher degree of perfection 
and improves the texture of the oil. 

Manufacture of Oleomargarine. — II istorical. — Oleomargarine 
was first manufactured in France. In 1869 the French war ollice, 
at the instance of Napoleon III., who was desirous of discovering 
a substitute for butter that would keep longer and also increase 
the dietary of the poor, offered a prize for the best substitute for 
butter, which was won by M. Mtige-Mouries, a Parisian chemist. 
After a scries of observations and experiments, Aldge-Mouries 
was persuaded that the butter fat contained in milk was absorbed 
from the animal tissues of the cow, and his attention was then 
directed to the discovery of a })rocess that would separate from 
beef fat the oil similar to that in milk. The method finally devised 
by him for the manufacture of oleo-oil (called then oleomargarine 
or oleomargarine-oil) was to heat finely minced beef fat with water, 
carbonate of potash, and small fragments of fresh stomachs of 
sh.eep, to a temperature of about ns^Fahr. The influence of the 
’ heat, together with the pepsin contained in the sheep’s stomach, 
separated the fat from the cellular tissue. This fatty matter was 
then removed and when cool was subjected to hydraulic pressure 
sufficient to separate the stearin. The oleo-oil was then churned 
with milk and water in the proportion of ten pounds of oleo-oil to 
four pounds of milk ancl three pints of water, dhe resulting com- 
pound w'as washed and declared ready for use. 

Apparatus.— h\ the manufacture of oleomargarine so much 
dcjiends on the handling of the constituent oils and the manipu- 
lation of the temperatures by which they arc surrounded through- 
out the different stages of the process, that eciuipment for live steam, 
ice-water, and refrigeration is the indispensable requisite of every 
establishment. Aside from this, the equipment consists principally 
of power machinery, viz., melting-tanks, mixing-tanks, milk recep- 
tedes, churns, and machine butter- workers. The butter- workers 
are such as are used in creameries throughout the United States. 
In some factories the churns arc similar to those used in creameries, 
but oftener they are large, upright, jacketed caldrons in which the 
milk and color, usually annatto or saffron, are mixed with the melted 
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oils by a violent churning or stirring produced by revolving or rota- 
ting agitators inside. By the introduction of steam into the jacket 
the operator controls the temperature and the degree of liquefaction 
until the churning process is complete. By the same means any 
considerable (juantity of oleomargarine is prevented from congealing 
on the side of the churn while the contents arc being dr wn off. 

Ingredients . — The number and character of the ingredients of 
oleomargarine make them susceptible of almost an infinite number 
of combinations, and each manufacturer has his own working for- 
mula. So much depends on the handling of the oils and the regu- 
lation of temperatures surrounding them at each successive step 
that different manufacturers using the same quality of ingredients 
in similar combination will secure vastly different results. A formula 
for each of three distinct grades of oleomargarine, of general manu- 
facture, is given below to show the use of different ingredients and 


their variation in quantity. 

Formula i. — Cheap Grade. 

Pounds. 

Olco-oil 495 

Neutral lard 265 

Cottonseed-oil 315 

Milk 255 

Salt 120 

Color 1 4 


Total 1,451! 

will produce from 1265 to 1300 pounds of oleomargarine. 

Formula 2. — Medium High Grade, 

Pounds. 

Oleo-oil 315 

Neutral lard 500 

Cream 280 

Milk 280 

Salt 120 

Color ‘ li 


Total i) 49 <^J 


will produce from 1050 to 1080 pounds of oleomargarine. 
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Foemula 3— High Grade. 

Pduiuls 


Oleo-oil 100 

Neutral lard 130 

Butter 95 

Salt 32 

Color \ 

Total 357 i 


will produce about 352 ])ounds of oleomargarine. 

Use of Cottonseed-oil.— Summer yellow < ottonseed-oil is used 
as a partial substitute for oleo-oil or neutral lard. It nc‘\er fully 
replaces them, but is added to some combination of those two in^rt'- 
dients to cheapen the product. It is a luiuid within the ran^e of 
temperature to which butter is exposed, and its use is, tlu'refoix', 
limited to such a proportion in any formula as will not soften the 
product beyond the usual consistency of butter. 

Aside from the consistency of the product, a too-pronounced 
flavor of the oil is the greatest restriction to its use. To nr ike a 
►high-grade oleomargarine it is absolutely essential that all its con- 
stituent oils resi)ond fully to the neutralizing treatment by which 
their characteristic odors and flavors are removed, so that they will 
take on the flavor of butter from the aromatic princi})les of the milk 
or cream with which they are churned. 

Procedure of Manufacture.— In plants where both oleo-oil and 
neutral lard are purchased for use, melting-tanks are provided for 
each, in which they are melted separately after being taken from 
the tierces in which they are shipped. They arc then [)iped or 
pumped to a mixing-tank mounted on weighing-scales, where the 
exact proportions demanded by the working formula are ascer- 
tained. If cottonseed-oil is required by the formula, a separate 
tank for it is usually provided. If butter is to be used instead of 
milk or* cream, a separate melting-tank is also provided for that. 
After the oils are melted and weighed into the mixing-tank together, 
the mixture* is piped or pumped into the churn, where it receives 
the milk and coloring-matter. The whole mass is then churned 
together. In the packing-houses Ikiuid oleo-oil and neutral lard 
arc piped from the oil- room direct to the weighing- tank. After 
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churning, the liquid oleomargarine is allowed to flow into a vat of 
ice-water, which chills and hardens it before cr\'stallization' can 
take place. It is next shovelled into mounted cars and wheeled 
to the “tempering- room,” where it stands for several hours, until 
sufficiently softened for the machine butter-workers. After the 
salt has been worked through it, it is put up in the different forms 
demanded by the market, and is stored in refrigerators to await 
shipment. Fig. 60 represents an actual scene in the churning- 



i‘iG. Oo.— Churning Ukomargarint-. 

room of a large factory. At the left of the picture is seen a (piantity 
of oleomargarine which has just been taken from the chilling- vat 
after churning, and is ready for the “Icmpcring-room.”^ At the 
right the contents of a churn arc being drawn off into the chilling- 
vat. The pipe descending from the ceiling brings a stream of ice- 
water from a reservoir above into immediate contact with the stream 
of liquid oleomargarine for the purpose of chilling it as quickly as 
possible. Fig. 61 represents the working and salting process, and 
Fig. 62 a scene in the preparation of the finished product for mark(‘t. 
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While there is a substantial uniformity in the process of manu- 
facture, there is great diversity in the grades and combinations of 
material used and conse(|uenlly in the character of the finished 
article. The cheapest grades of oleomargarine found on the mar- 
ket are made from the lowest grades of oleo-oil and neutral lard, 
to which is added the limit of cottonseed-oil, and the whole is churned 
with skimmed milk or buttermilk, salted with common salt, and 
colored with the cheaper grades of coloring- matter. These low- 



Fig. 61. — Working .11.(1 Sailing .liter C hurning and Tempering 


grade oils may be manufactured from “scrap” fat and made firm 
by the; addition of more stearin or other similar substances so that 
a greater proportion of cottonseed-oil can be added to the com- 
bination. ^Sometimes glycerin is added to give the product a 
glossy appearance and sugar or glucose to sweeten or give texture. 
The highest grades arc made from pure oleo-oil and neutral lard 
of best quality, churned with whole milk, cream, or creamery but- 
ter, salted with Ashland salt, and colored with annatto or other 
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coloring-matter. The number of grades manufactured varies from 
two to six. 

Manufacture of Lard-compound — Ingredients. — The ingre- 
dients of lard- compound arc summer white cottonseed-oil and oleo- 
stearin. To this admixture may be added varying amounts of 
genuine lard; the oleo-stcarin may abo be replaced in varying 
amounts by lard-slcarin. 

Lard-stcarin used in lard-compound is made, as a rule, from 
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prime steam lard, which is defined by the Chicago Hoard of Trade 
as solely the product of the trimmings and other fat parts of hogs, 
rendered in tanks by the direct application of steam and’ without 
subse([uent change in grain or character by the use of agitators or 
other machinery. Prime .steam lard may be greatly Improved in 
quality by washing with water containing sodium chloride and 
sodium carbonate and settling and then bleaching the lard thus 
purified with fullers’ earth. The proportions of the ingredients 
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of lard-compound arc various agcording to the quality ut the product 
desired, the competing prices of raw material&, and the season, 
whether summer or winter. Of olco-stearin or lard-stearin, or 
mixtures, 20 to 30 per cent., and of summer white cottonseed-oil, 
70 to 80 per cent., are the proportions commonly used. The admix- 



ture of lard of any given (juality is a matter dependent on maiket 
conditions and the judgment of the manufacturer. 

Manufacture of Lard-stearin.— Lard-stearin is made in the same 
general manner as oleo-slearin. The process of manufactuie as 
described in bull. 13, U. S. Dept, of Agriculture, is as follows: The 
prime steam lard, if properly crystallized and of the right tempera- 
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ture (45® to 50® Fahr. in winter, 55° to 65° in summer), is sent at 
once to the presses. If not properly grained it is melted and' kept 
in a cooling-room at 50° to 60° Fahr., until the proper grain is formed. 
The lard is then wrapped in cakes with cloth, each cake containing 
ten to twenty pounds. The cakes, separated by iron plates, are then 
placed in a lard-press (Fig. 63). These presses are sometimes 40 to 
50 feet in length, and when first filled 12 to 18 feet high. Pressure 
is applied \CTy gradually at first by means of a lever working a cap- 
stan, about which a chain is wrapped, attached to an upper movable 
part of the press. The oil expressed, prime or extra lard-oil, is 
used for illuminating and lubricating purposes. The resulting cake 
is lard-stearin. It contains about 0.5 per cent, of free fatty acids 
(less than lard-oil) and crj’stallizes in long needles, making the 
texture of the cake tough. 

Mixing. — The mixer is a cylindrical tank of suitable capacity 
containing a vertical shaft, provided with horizontal arms and 
driven by belt from shafting. The ingredients in the liquid state are 
run from the respective storage-tanks to an intermediate weighing- 
tank and weighed, according to the formula, and are thence ruii 
into the mixer. The temperature of mixing should not be greater 
than is sufficient to keep the ingredients in a liquid state and may 
run from 120° to 160° Fahr. When thoroughly mixed, the com- 
pound is run to the lard-cooler, where it is chilled, and thence into 
cans and tierces for market. The lard-cooler comprises essentially 
slowly revolving cylinders within which cold brine circulates. The 
liquid compound is allowed to flow upon the moving cylinders which 
are supported over a pan and dip into the Ikiuid collected in it. 
By regulating the flow of the liquid compound and the temperature 
of the brine, the cooling process may be made very rapid and con- 
tinuous. 



CHAPTER X. 

MANUFACTURE OF SOAP AND SOAP-POWDER. 

Utilization of Cottonsced-oil in Soap Manufacture. Factory Equipment. The 
Soap-kettle. Caustic-lye Tanks. The Soap-pump. The Soap-crutcher. 
The Soap-frame. Slabber and Cutting-table. Drying of Soap Dry- 
room. Pressing Soap. Theory of Saponification. Soap-manufacturing 
Processes. Characteristics of Cotlonsecd-oil as Raw Material for Soap 
Manufacture. Settled Soap. Manufacture of Settled Soap. Stock 
Change. Rosin Change. Strengthening Change. Finishing Change. The 
Nigre. Crutching and Framing Soap. Manufacture of Soa]) from Cotton- 
.seed-oil Soap-stock. Manufacture of Soap-powder. ^Mixing and Framing. 
Grinding Soap-powder. Packing Soap-powder. Continuous Method. 

The Utilization of Cottonseed-oil in Soap Manufacture. — The 

proportion of refined cotton^^eed-oil unavailable for edible pur- 
poses varies within wide limits (from 15 per cent, to 65 per cent.) 
owing to varying quality of the seed and to varying skill employed 
in their manipulation. This grade of oil is available for numerous 
industrial purjjoses, chief of which is soap manufacture. For this 
purpose it has to compete in price with animal fats. It is an excel- 
lent soap-.stock, clean, uniform in quality, easily handled, and possesses 
qualities when transformed into a detergent that admirably adapt 
it for admixture with the firmer glycerides of animal origin. For 
The manufacture of certain kinds of soap for industrial or mill use, 
it is frequently used without admixture with other stock, but for 
laundry and toilet soap, best results arc obtained when used with 
cither tajlow, or cocoanut-oil, or both. To make a description of 
the use of cottonseed-oil in the soap industry^ of piactical value, it 
will be necessary to give a more or less thorough discussion of the 
procedure of soap-boiling itself. 

Factory Equipment. — In pursuance of a strong economic ten- 
dency hastened by keen competition, recent years have witnessed 
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a general uniiicalion of productive efforts in all the manufacturing 
arts. In the cottonseed-oil industry we find this tendency expressed 
logically first in the effort to control the supplies of cottonseed by 
the crushers; next a co-operative effort among crushers to more 
economically jiroduce the various products obtained by refining. 
Consumers of refined cottonseed-oil^ notably the meat-packing and 
provision establishments, where consumption has been of suffi- 
cient volume to warrant the undertaking, have engaged in the 
crushing and refining of cottonseed-oil. Numerous firms in the 
soap industry likewise have become interested in cottonseed-oil 
manufacture. On the other hand, cottonseed-oil producers, cog- 
nizant of a growing domestic and export market for the commodilies 
of which their product forms an essiaitial ingredient, have under- 
taken the manufacture of these commodities themselves, and in 
many instances throughout the oil-producing territory with signal 
success. We have already dwelt upon the procedure and ecpiip- 
ment reijuired for the manufacture of oleomargarine and lard com- 
pound. At this place our attention is directed to the factory equip- 
ment essential to the utilization of cottonseed-oil in the manufacture 
of soa]) and soaji-powder. Soap manufacture as an allied enter- 
prise is one that may be readily annexed to cottonseed-oil refining, 
as it represents but a stej) further in the utilization of the ])r()duct, 
and in many cases factor}' space may be already available, or at any 
rate jirovided with but comparatively small additional outlay. 

I'he essential cxpiipment for soap manufacture comprises ket- 
tles for boiling the soap, tanks for melting caustic soda and storing 
the lye where this product is bought in the solid state, a crutcher for 
mixing additional detergent matter with the soa]), frames for receiv- 
ing the mixed soap from the crutcher and in which it is allowed to 
remain until cold and firm, a slabber and a cutting-table for reduc- 
ing the mass of soap in the frame to a size re(]uired, wooden racks 
upon which the cut soap is allowed to remain until sufficiently dry 
to ])ress, and a soap-i)ress, with suitable dies, which may be operated 
either by foot-power or steam, whereby the cut and dried soa]) is 
reduced to any desired form. Where it is not convenient to run the 
soap directly from the kettle to the crutcher by means of a trough, a 
rotary pump will be re(]uired. This device is a common implement 
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in the cottonsccd-oil mill and may be used with ecjual ease for both 
oil and soap. 

Storage tanks for waste soap-lye will be required, varying in 
number and capacity according to the amount of stock killed and 
the economy of treating the waste lye for the recovery of glycerin. 

The Soap-kettle. — The soap-kettle is similar in construction to 
the cottonseed-oil refining- kettle and may be used for both soap- 
making and oil-refining. Agitation with air is unnecessary. Heat- 
ing may be effected with cither open or closed steam or both. With 
open steam alone, which is sulTicient for all rc(|uire merits, the pi[)e 
may be either of the coil or criss-cross type, the latter being cheaper 
of construction and equally cllicient. The swing-joint pi[)e, used 
in the refining-kettle for the decantation of the clarified oil, also 
serves in the soap-kettle for running off the settled, finished soap 
to the Crutchers. The capacity of the kettle is indcfmitc; a small 
batch as well as the full yield of the kettle can be made with equal 
ease. A kettle 12 feet in diameter and 16 to 18 feet deep should 
yield at least 60 frames of soap, a frame holding, as a rule, not less 
than 1200 pounds. Under ordinary circumstances the soap-kettle 
should be jacketed to prevent loss of heat by radiation during boil- 
ing and too rapid cooling during settling. Wood may be used for 
this purpose, with an air space left between the jacket and the kettle. 
Asbestos covering is also coming into use. Many other consider- 
ations, especially when the kettles extend through two or more 
iloors, require that the heat of radiation be lessened. 

Caustic-lye Tanks. — The manufacture of caustic soda from 
soda-ash by causticization with (luicklime has been already de- 
.scribed. Where conditions warrant the manufacture of caustic 
soda in this manner the caustic-soda liquor is transferred by pump 
or by gravity directly to the soap-kettle as reejuired. Where caustic 
soda is bought in the solid form, usually in sheet-iron drums weigh- 
ing about? 700 pounds each, its treatment involves the removal of 
the sheet-iron envelope, the reduction of the solid caustic to a con- 
centrated solu<ion, and the dilution of the concentrated solution to 
the strength desired. For this purpose two tanks are necessary, 
preferably of a rectangular cross-section and of a capacity in accord- 
ance with the amount of caustic used. In order to effect the most 
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convenient transfer of the caustic lye not only from the melting-tank 
to the storage-tank, but from the latter to the soap- or refining-kettle, 
the tanks should be located at a higher level than the kettle in which 
the caustic lye is to be used, thus permitting its transfer by gravity. 
The dilution of the concentrated lye discharged from the melting- 
tank into the storage-tank is most conveniently effected by connect- 
ing, by means of a 'F and a valve, the water-pipe with thi' pipe lead- 
ing from the lye- storage tank to the soap-kettle. By suitably regu- 
lating the volume of discharge of water and caustic lye, the latter 
may be diluted to any desired strength. 

The Soap-pump. — The common form of soap-i)uni]) is of the 
rotary type and is characterized by one or more projections, acting 
as plungers, fixed to an axle and revolving in a cylindrical case pro- 
vided with suitable i)ipe connections for the ingress and discharge 
of the material moved. Rotaiy pumps in general have a certain 
field, outside of which they arc not desirable, but within its limits 



Fio. 64. — Rotary Rump. 

they have most decided advantages. A rotary pump is hardly suit- 
able as a fire-pump, as the pre.ssurc in the discharge- pipe can hardly 
be raised to and sustained at 60 pounds; but rotary pumps have 
one great advantage, that with relatively little steam or power they 
will lift a large amount of licjuid against a limited pressure In Figs. 
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64 and 65 rcs[)ccllvcly is shown the exterior and interior eonstruc- 
tihn of a common form of j)ump of this type. 

The four valves, Fig. 65, the vital part of the i)um]), are formed 
in two pairs, one valve having two jxirallel arms provided with longi- 
tudinal ribs or tongues, and the other valve having two parallel arms 


4 



Fig. 65. Rotary Pump— -Interior Construction. 

provided with longitudinal depressions or grooves, forming slide- 
ways in which the ribs or tongues upon the arms of the other valve 
seat and travel. 

By this arrangement they are always kept in position to work, 
are self-adjusting, requiring no springs or cams to operate them what- 
ever, they being positive in their action, and are like two solid valves, 
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which prevent lateral motion, back-lashing, and from getting wedged 
in the slideways of the piston. 

These two pairs or four valves arc interchangeable, and the wear 
can be easily taken up by means of putting set-screws in the arms 
which arc of the same thickness as the valves. 

The piston which carries the four valves and through which they 
slide back and forth during their operation is made wide at both 
ends and prevents it from breaking. 

This extra width of piston is taken up by two half-moon pieces, 
which conform to the inside of the shell, and are bolted on to each 
one of the two heads of the shell. This prevents the valves from 
wearing against the heads of shell. The wear on the half-moon 
j)icces can be easily taken up by removing them from the heads of 
shell and placing a strip of paper or other suitable packing between 
them and the heads of the shell. 

The shell has a removable plate or hand-hole, Fig. 64, whereby 
ready access to all the working parts of the pump is possible without 
dismantling the pump or withdrawing the piston from tlic shell. 
All rcUary pumps sho\ild not be located over ten feet above the sur- 
face of the liquid to be pumped, and should be placed preferably 
below the level in order that gravity may assist in the tiow of the 
material to the pump. 

The Soap-crutcher. — The mechanical soap-crutcher is an 
evolved form of the simple hand-crutch, which consists of a rod to 
one end of which is attached at right angles a short piece of wood 
or metal. By laboriously moving this device up and down in the 
mass of semi-lkjuid soap contained in a frame, cooling of the soap 
was hastened, whereby either separation of nigre was prevented or 
filling material was incorporated. 

The modern power-driven crutcher consists essentially of a cylin- 
drical tank, as a rule of about 1200 pounds capacity, made of sheet 
steel or boiler-iron, either plain or jacketed, and supporting the 
driving-gear of the agitator. The agitator may be arranged either 
horizontally or vertically according as to whether the CTUtchcr is of 
the horizontal or vertical type. The agitator consist of blades or 
arms securely attached spirally to the horizontal or vertical shaft. 
In the vertical type of crutcher agitation may also be effected by 
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means of an Archimedean screw enclosed within an inner, vertical, 
concentric cylinder, whereby mixing of the soap and of the material 
added to it is effected by the movement of the mass up through the 
inner cylinder and down through the outer cylinder, or the reverse. 
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of an extra pair of pulleys carrying a crossed belt. With the crutcher 
driven by the direct-connected engine reverse motion is effected* by 
means of a clutch. Reversing is necessary at times with thick, heavy 



Fk;, 67.— Soap-crutcher, Driven by Diiect-connected Engine. 

soap, and also to prevent splashing of the contents with rapid move- 
ment of the screw when cold-])rocess soap is made. 

The Soap-frame. — A soaj)-frame consists essentially of a })lat- 
form called the frame-bottom, upon which rests the mass of soap 
and four upriglit movable sides w^hich, in addition to being fastened 
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tightly together, must also be held or fastened tightly to the platform, 
the \\hole device being on wheels for convenience in moving. The 
modern frame of which a tyj)e is shown in Fig. 68 is usually of wooden 
ends with sheet-steel sides reinforced by angle-iion or V-shaped 
sheet-st('el strongbacks, with a capacity of 1200-1300 pounds of 
filled soap. The essential rerjiiirements of a soap-frame are strength, 



pi'xd. 68. — Soap-frame. 


lightness, freedom from leakage, ease and rajiidity of stripping and 
setting up, and durability. The various styles made and used dilTer 
in construction and appliances (Unsigned to fullil the above re(pure- 
ments. The most important dimension in a soap-frame is the width, 
for ufjon this depends largely the [lercentage of scrap soap obtained 
at the cutting-table. Frame ends and bottoms are of wood, and 
as a rule twice as many bottoms as sets of sides are n'quired. After 
removing the sides and ends, the soap remains on the bottom until 
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slabbed and cut; with an extra bottom the sides and ends may be 
in use again before the original bottom is available. 

Slabber and Cutting-table. — Mechanical slabbing devices con- 
tain the germ of the primitive system wherein a wire is drawn in 
parallel lines of uniform distances apart through the frame of soap. 
This system is yet followed in many factories and exists in various 
stages of develo])ment throughout tlie industry. Where a large 
number of brands of \arious si/es are cut and from the same grade 
of soaj), a hand-slabber, Fig. 69, rej)resents the greatest practicable 
econoru). An advrnce in clliciency of operation is indicated by 



Flo. 69, — Hand Soap-slaldn-r. 


the use of slabbers of the tyj)e shown in Fig. 70. With a large 
\olume of business the usi* of power-driven slabbers (of which there 
are several lyj)es) may be ad\isa])le. 

'Fhe purpose of the ( utting-ta])le is to reduce the slab, (ut as a 
rule to a thickness that corresponds to the width of the cake, into 
the maximum number of cakes with the least amount of s( raj). 
'Jdu's is c‘rfect(‘d by means of Iw’o cutting movements at right angles 
to each other, d'he general construction and c)})eration of the cut- 
ting-table, which may be either hand- or })ower-dri\en, is showm 
by the illustration of a common form of table in h'ig. 71. The 
cutting heads, which consist of a frame of wood or iron su|)j)orting 
the cutting wires, are removable, w'hereby the slab of soap .may ])e 
reduced to cakes of varying dimensions, according to the distances 
.separating the wires in the* cutting heads used. Tn using the hand- 
driven cutting-table, Fig. 71, the operator places the slab Uj)on 
the table and by means of the handle that operates the header forces 
the slab through the first cutting head. A second operator in turn 
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forces the shil) cut lengthwise through the second cutting head and 
upon the racks placed ready to receive the soap thus cut into cakes. 
With the power-driven cutting-table the operation is continuous 



Fh.. 70.— S().»p-slal>l>er, 


and automatic, following the same movements hereinbefore out- 
lined. 

Drying of Soap.— Fri'shly cut soap is soft, st cky, and opaejue, 
and, if properly eriilched, should be liomogeneous. It contains 
from 30 to 35 per cent, of water, depending upon the manner in 
which the soap was finished, and up'on the nature of the addition 
during crutching. In calculation, 100 parts of neutral glycerides 
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arc considered to yield 150 parts of finished soap. An analysis of 
a pure curd soap at this stage presents the following data:’ Fat 
anhydrides, 61.80 per cent. ; combined alkali, Na2(), 7.21 percent.; 
water, 30.99 per cent. 

The presence of a greater amount of waiter than is here shown 
W'ould tend to indicate an intentional addition, its incorporation 
being made possible w’ithout excessive softening by the use of soda- 
ash and sodium silicate. 

Previous to the introduction of the rapid-drying apparatus the 
moisture in the exterior parts of the bar wais allowed to evaporate^ 




spontaneously, by this method the dr\ing was an extremely slow 
process, and also \ery unsatisfactory in that the w'eather was the 
arbiter of the output. A sto\e in a closed room w'as a great im- 
pro\ ement. 'Phis primiti\ e method, w ith its manifest disach antages, 
was siKceeded b\ a system of hot-air circulation by natural draft. 
Steam heat by M'mplc* radiation from pi[)es was also employed, and 
wath the introduction of forced draft the elements of the system of 
drying at i)resent in use were established. 

d'he jnirjiose of the drying-room is to hasten the evaporation of 
water from the surface of the bar so that there may be formed a 
thin crust of com[)aratively hard soap, w^hich serves to retard 
further evaporation from the interior, and which allows the bar to 
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be pressed and stamped without the soap adhering to the dies. 
Without the formation of this skin of firm soap, the latter process 
is impracticable. On cutting a bar of soap into halves, this super- 
ficial drying becomes ])lainly evident. The soap when removed 
from the drying room, and after i)ressing, hus a smooth, glossy, and 
translucent surface, which condition is in marked contrast to that 
observed at the cutting-table. During the drying process from 3 to 
5 per cent, of W'ater has been expelled entirely from the surface of 
the bar, while the interior contains the amount of w'ater originally 
present, vi/., 30 to 35 ])er cent. 

The a])pearance of soap is affected by the evaporation of waiter 
from within the mass, and by the absorjition of water from without. 
Drying ensues at all times, but diminishes as the dew ])()int is a[)- 
proached when it leachc's zero, ^foisture condenses upon the sur- 
face or is absorbed at a rate increasing as thcMlcwv-point is reached, 
w'herc' the tendency for any soaj) is at its maximum, ft caries with 
[lifferent soap according to its stock and method of manufacture, 
ft is grc'atest with olein stock, of which c ottonserd-oil is the chief 
representatice, and rosin, and greater with soa]) made by the boiled 
than by the cold ])roccss. 1'he “sweating” of scxip is dircrtly as 
its solubility, and is least w'ilh soa]) made from firm stock. 

Tn the drying procc'ss air fulfils tw'o functions: it carries to the 
moist soap the heat necessary for evaporation, and servc's as a cehic'lc 
for thc‘ remoxal of xapor. 1'he capacity of air for heat is very small, 
its s])ecific heat being but .238, with water as i. Its capacitv for 
ra})or dcpencK directly U|)on its temperature and its relation to the 
dew'-])oint, naturally diminishing as the point of saturation is reached. 
With rise of tem|)erattire the cajiacity of air for \a])or greatlv in- 
creases. ft is estimated that air at 72° Fall, has a threefold greatcT 
ca])acity for xapor than the same \olume at 42° Fah.; at 132® Ibih. 
its capacity has increasc'd 20 times, while at 172° Fah. its capacity 
is more ’than So times as great. Increase of temperature thus means 
the more ra])i(l formation of vapor, with a much greater increase in 
the ca})acit}' of air for absorbing it. Add to this the ra])id circula- 
tion of air, ])resenting to the moist surface at every instant an atmos- 
phere greedy for moisture, and the great convenience and elliciency 
of artificial drying become evident. The essential reciuirements of 
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the heating and ventilating apparatus of the drying-room are that 
it should provide a large volume of air at the retjuisitc temperature 
and maintained in rapid circulation. A comparatively low tem- 
perature, 80-100° Fah., is productive of the best results. A tem- 
perature in excess of 100° Fah., or air maintained at this temperature 
for any considerable period, is not only unnecessary but undesirable. 
At this temperature, if allowed to remain too long in the drying- 
room, the soap undergoes an ap])reciable softening with the devel- 
opment of more or less discoloration. The tem])erature at which 
soaj) will melt depends primarily upon the nature of the stoc'k fronr 
which it is made and the pro})orti()n of water with which it is asso- 
ciated. In the drying of green soap it is desiraljle that the currents 
of warm air sltould circulate lengthw’i^e of the Ixir, in order that the 
largest extent of evaporative surface may be e\])ose(l, and the dry- 
ing process tints hastened. 

Aside from the ])r()('esses in the kettle, there is no stage in the 
manufacture of settled soaj) that requires greater care in its o])eration 
than the treatment received in the drying-room. Int))ro])erly Vied 
soap, while it may cause no great trouble in the jtress, is sul)jecl to 
raj)id deterioration in aj)])earance, and the intluence of this one 
factor on its ultimate distri))Ution demands that its final treatment 
in the factory be the subject of the closest attention of tlie soaj)- 
maker. 

Dry-room. — The mechanics of the modern soa|)-drying room 
rej)resent more than the* translation of a similar })rocess employed 
in other cle})artments of industry than it does a natural evolution 
from j)revi()Us efforts in this j>articular field. The use of the cen- 
trifugal fan in the })rc)duc-tic)n of artificial draft dates from the six- 
teenth century, but it wms not until Stevens’ ex|)eriments in the 
early part of the nineteentli century that the devices for artificial draft 
resolved themselves into the two systems of ventilatic)n w’e know^ 
to-day, vi/., the ])lenum and vacuum, or, resj)ecti\ely, foived and 
induced draft. These found their first a[)[)lication in the firing of 
boilers. The use of centrifugal fans in this connection, however, 
languished at first, ])ut w'ith the grow'ing demand for increased 
engine speed and higher .steam pressure their emjjloyment as a 
substitute for natural draft in the combustion of fuel has i)ecc)me 
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almost universal. The application of the improved fans in the 
^eating and ventilation of large buildings w'as a natural step. Con- 
idered more intimately in connection with the drying of soap, ven- 
ilating-fans may be divided into two general classes, viz., the cen- 
rifugal fan or blower and the propeller or disc fan. The former is 
lore generally confined to ventilation by forced draft and is designed 
irimarily for removing air under pressure. Fans of the disc type 
,re not adapted for jilenum ventilation. They find an extensive 
ise and are very satisfactory for moving air under slight resistance. 

Jh)th systems of ventilation, the plenum and the vacuum, are 
‘mployed in the drying of soap. The e(]uipment of a drying-room 
inder the plenum system comprises, as a rule, a centrifugal blower 
)perated either by belt from shafting or by dirc^ct- or bell-connected 
:ngine and a sectional heater, whi('h consists of steam-pipes enclosed 
n a sheet-iron case which (ommunicates with the discharge of the 
an-case. Air may either be drawn through the heater and dis- 
'harged at the desired temperature into the drying-room, or the 
leater may be interposed and the air forced into the drying-room 
lirectly from the healer. As the results jiroducecl are the same in 
Doth cases, convenience of applicaticDn will determine the arrange- 
nent. With forced draft the drying-room is so constructed that 
leated air enters at one end and leaves at the other, while freshly 
:ut soap is introduced from the side, and as the drying jirogresses 
t is drawn towards the ellluK of heated air and is finally removed at 
.he o])posite side. The heater and fan may be placed at o[)i)osite 
mds of the room and the fan employed to exhaust the warm and 
Tioisturc-laden air. With this arrangement we have an example 
:)f the vacuum system, or drying by induced draft. The use of a 
[an of the centrifugal type is now not desirable. The cheaper and 
simpler disc fan set in the framework of the wall is, with this 
irrangement for the drying of soap, e(|ually ellicient and satisfactory. 
The hoPblast drying ajiparalus, although compact, occupies valu- 
iblc space. The exhaust-steam connections wilh the necessary 
nsulation are simple and easily made. 

By distributing the pipes of the sectional heater throughout the 
drying-room in rows parallel to the trucks of soap, and under open- 
ings immediately above for the admission of cold air, not only is 
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greater uniformity of the drying procebs obtained, but the use of 
the cheaper disc fan, which is admirably adapted for this type of 
ventilation by exhaustion, is permitted. Exhaust-steam connections 
are made through the floor, and by means of suitably placed \ alves 
steam may be cut off from any section, thus varying the capacity of the 
drying-room at will. This type of dr}nng-room equipment is in use 
in many of the largest soap- manufactories in this country, and cer- 
tainly represents an evolution in simplicity and cheat)ness of the 
forced-draft system of ventilation as applied to the drying of soap. 

Pressing Soap.— For ])re])aring soap in the form in which it is^ 
commonly sold a press and dies are necessary. The most common 
form of the latter is the box die which is used unixersally for laun- 
dry soap. It consists essentially of a box in which the cake of dried 
soap is compressed by the upper and lower dies, the stationary box 
bolted through the lugs to the bed-])late of the ])ress, and tlie mov- 
able upper and lower dies constituting the mould. The foot-i)ress 
shown in Fig. 72 provides a sudden and powxTful blow’ upon the 
cake of dried soa]) ])laced in the box of the die w’ith the thumb and 
index or second finger of the right hand, the left hand being used, 
in the same manner to remo\e the ])ressed cake as it is forced out 
of the box by the u])W’ard movement of the lower die. I'owax is 
applied by the foot of the operator, and is aided by a system of 
counterpoised w’eights which after the blow^ has been delivered 
return to their original j)osition, at the same time expelling the 
pressed cake of soap from the box. By reference to Fig. 72 it is 
seen that a foot-press consists essentially of a bed-plate suitably 
grooved for the firm clamping of the die-box, a movable plunger 
for the elevation and depression of the low'er die, and a vertical 
shaft moving truly in a guide and to w'hich is attached the shank 
of the upper die, the whole being supported by a substantial base 
with legs. By suitably adjusting the counterpoised weights the 
power of the blow can be adapted to soaj) of any texture or degree 
of firmness. The output of a foot-press depends upon the shape 
and size of the cake, the condition of the soap as to dryness, and the 
skill of the operator. One hundred boxes of one hundred cakes 
to the box, if pressed well, is considered a fair day’s w’ork. Soap- 
pressing by manual labor is subject to many disadvantages, chief 
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of which is the common liability of the operator to loss of fingeis 
through carelessness. Automatic power-presses are now success- 
fully used for this purpose, and with an output of sufficient volume 
and of uniform size are more economical. The following consider- 
ations arc important in determining the choice and use of a soa[)- 
press: rcciuiremcnts of the factory as to amount and variety of out- 
put; ready adaptation of press to dies of diilercnt types; case of 
operation; noisclessness; stability; the guide for the dies must be 
perfect to eliminate undue wear; and the arrangement for lifting 
the pressed cake from the die-box must be such as to prevent defac- 
ing the impression by too forcibly ejecting the cake against the 
upper (lie. 

The Theory of Saponification. — Accurate knowledge of the 
chemistr}' of saponification dates only from 1813, at which time 
Chevreul determined the chemical constitution of fats and oils and 
the nature of the effects produced upon them by alkalis. Chevreul 
demonstrated that ordinal*)^ fats and oils are chemical compounds 
consisting of a base, glycerol, and of different acids, termed gcncri- 
cally “ fatty acids,” but specifically stearic, ])almitic, and oleic, form- 
ing respectively in combination with glycerol, the bodies, stearin, 
palmitin, and olein. In aciueous saponification, stearin, which may 
be taken as representative of tallow, yields 95.72 per cent, of 
fatty acids and 10.34 per cent, of glycerol through the absorption 
of 6.07 per cent, of water. These numerical relations will be plainly 
evident from the following ectuations and proportions: 


Steann (800). Water (';4). Olyccrol (oa). Stearic acid (S'? 2). 

C3H,(0.C,«H350)3 + 3H,0 == C3H,(0H)3 -f 3Cr8H3A- 
Stearin (890) : glycerol (92) :: 100 : x; 

;!C= 10.337 -f per cent, glycerol yielded. 

Stearin (890) : stearic acid (852) :: 100 \x\ 
jc = 95.72 per cent, fatty acids yielded. 

This simple arithmetic lies at the foundation of the autoclave 
or digester processes for the manufacture of fatty acids for candle- 
stock. In saponification with alkali, the latter remains in com- 
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bination with the fatty acids and constitutes anhydrous soap. The 
percentage- absoq)tion of alkali and yields of glycerol and anhydrous 
soap arc represented as follows: 

Stearin (800). Caustic soda ( i 20). Glycerol (,y 2) Sodium stearate (ot8). 

C3H,(0 C.,H„ 0 ), + 3NaOH ^ + 3C„H3,(),Na. 

Stearin (890) : Na stearate (918) :: 100 : x; 

103.15 parts Na stearate from 100 parts of stearin. 

Stearin (890) : caustic soda (120) 100 : .r; 

r 

jc-- 13.49 per cent, caustic soda required for saponification. 

Stearin (890) :: glycerol (92) :: 100 : 

10.337 per cent, glycerol yielded. 

This simple arithmetic lies at the basis of the art of soap-boiling. 

Soap-manufacturing Processes. — Soaps arc most simply classi- 
fied according to the method of manufacture, whereby all soaps 
fall into two general classes, vi/., cold-process and boiled soaps. 
The latter class is again subdivided into semi-boiled and settled 
soaps. The terms ‘‘cold process,” “semi-boiled,” and “settle.l” 
arc applied not only to the method of manufacture but to the 
product obtained thereby. This dual classification has reference 
chiefly to the degree of heat employed and secondarily to the 
time and simplicity of ajiparatus required. The three processes of 
soap manufacture will be discussed in the order of their simplic- 
ity of operation. 

* A cold-process soap is one made by the thorough admixture 
of the various ingredients at a temperature but little above the 
melting-point of the soap-stock. A semi-boiled soap is one that 
in the pcoccss of manufacture has not been grained. It differs 
essentially from a cold-process soap in the greater assurance of 
thoroughness pf saponification made possible by the use of steam, 
A settled soap is one that has been grained, the term “settle” refer- 
ring to a final condition wherein the contents of the kettle are left 
in such a state that the impurities will settle out. As will be observed 



94 


COTTONSEED PRODUCTS. 


in these definitions the idea of purification is paramount, and aside 
from the suitabiHly of any one process for soaps of special character, 
the processes arc arranged in the order of the quality of the slock 
that is available for the most satisfactor}^ results with each. As in 
the manufacture of cold-process soap the finished product con- 
tains all the materials added, it is vei*)^ essential for the most satis- 
factory results that the stock used be of the lughest quality com- 
mensurate with the selling-price of the product. In the semi- 
boiled process, there may be a partial purification in the settling- 
out of the nigre. Stock may be used for soap of thi'. class that is 
not available for cold-process soap. In the manufacture of settled 
soap evci*}^ lye withdrawn after graining represents a purifying 
process n the progress of a boil of soap; hence there is available 
for soap of this class, stock that could not be used in the manu- 
facture of cold-process or semi-boiled soaps. In the following 
table the most common soaps are classified according to the cus- 
tomary method of manufacture. 


Bciltd I'roccss. 




Oramed or St*Ulcd Process. 


Cold Process. 


Cheap loilcl-soaps 
Cheap loilet-soay) base 
Laundry -soap chips 
Laundry soap 


Soft soap 
So.ip-powder base 
('heap toilel-so.ip 
Laundry soap 
.Scour in f^-soap base 
Textile soap 


Laundry soap 
Toilel-soaj) base 
.‘soap-])owder base 
S( ounng-soap base 
Floatin)’ soap 
“ Boiled -down ” soap 
I'extile so.ip 
Shavin^-soap 


Characteristics of Cottonseed-oil as Raw Material for Soap 
Manufacture.— Refined cottonseed-oil absorbs from 14.24 per cent, 
to 14.67 ])er cent, of 74® caustic soda. It liberates on saponifica- 
tion about JO jier cent, of glycerol. The glyceride olein, which is 
the characteristic ingredient of cottonseed-oil, liberates 10.4 per 
cent, of glycerol. Cottonseed-oil saponifies best with weak lye, 
not exceeding 15° BC. and then only after long boiling. It may be 
facilitated by mixing it with more easily saponifiable stock as tallow. 
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When treated alone, lyes exceeding 15*^ Be. will not combine until 
withf the addition of water of condensation from steam the density 
of the lye is reduced to the reciui'^ite strength. When mixed with 
tallow the usual procedure is to saponify or “kill” the tallow first, 
leaving an excess of lye, and then add the oil. The weak lye and 
the presence of killed stock facilitates combination and j)ermits the 
use of stronger lye than would be practicable when killed alone. 
A firm, settled soap from cottonseed-oil alone is not practicable. 
Soap made from rajuid fats, or oils, i.e., from commercial glycerides 
of which olein n eharacteristic, do not make a finished soap of hard 
body such can be obtained from stearin-containing fats like 
tallow; heecc Te most practical procedure for utilizing cottonseed- 
oil in soap ricnufacturc is in admixture with tallow or grease. The 
most satisfactory ])roportions are determined by the character of the 
soap desked and to the degree to which it is desired to add rosin. 
The influence of rosin in a soap is to lessen the cost, reduce the 
firmness, darken the color, and to increase the detergency, i.e., 
the solubility. The inlluence of cottonseed-oil is likewise to reduce 
the firmness and to increase the solubility of a tallow soap. Hence 
to produce a good, marketable grade of rosin soap, the more cotton- 
seed-oil is used the less is it desirable to increase the proportion of 
rosin. With a glyceride base made up of 85 parts tallow and 15 
parts of cotlonseed-oil, good results may be obtained for a cheap 
soap with the rosin j)ercentage as high as po. Beyond this with 
the proportion of oil used it is not advisable to go. As the propor- 
tion of oil in the glyceride base is increased the proi>ortion of rosin 
to the total base should be reduced. Experience shows that the 
use of olT summer oil in white soap, especially Hoating, increases 
the tendency to discoloration. This is very likely due to the presence 
of impurities imperfectly removed in refining and to their prone- 
ncss to oxidation. 

Cottonseed-oil is similar in its composition to olive-oil, both 
possessing olein as its characteristic ingredient; the properties of 
soap made fmm both oils are similar, and so far as actual deter- 
gent power is concerned, refined coltonsccd-oil is an almost perfect 
substitute for olive-oil. 

The use of cottonseed-oil in cold-process soap is not recom- 
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mended. From the nature of soap of this quality, saponification 
of the ingredients cannot be complete. The j)resence of free cotton- 
seed-oil in a cold-process soap on aging manifests itself by ran- 
cidity and more or less discoloration. In the manufacture of semi- 
boiled soap, cottonseed-oil finds a more favorable outlet. Boiling 
with steam makes thorough saponification possible; also owing to 
the cleanliness of the oil little impurity remains in the nigre. The 
semi-boiled process, however, is of limited application. It is in 
the manufacture of ^‘settled” soap that cottonseed-oil is chiefly used. 

Settled Soap. — In the manufacture of settled soap three general 
methods of procedure may be outlined as follows: 


I 

II. 

HI 

Operation 

Bv-produrt ] 

Oiioration 

B\ -product 

Operation 

By-product. 

Killed stork 

Stock Ivc 

Killed stt)ck 

St-.ck Ive 

Kdh'.l stock 

Stock lyc 

StronRth'd soap 

i StrcHRth lye 

Strenpth’d soa]> 

SlrctiRth Ive 

Rosined soap 

Rosin lye 

Settled sf)ap 

NiRre 

Pickled soap 

Pi( kle he 

Streiipth'd Soap 

Streni'th lye 

Treated niRre 


S< ttlcd si)ap 


Settled soap 

N’lRre lye 


NiRre 

NiRre 



Treated niRrc 

Niere Ive 

Treated niRre 

NiRre l>e 


Procedure I is a more extended form of the semi-l)oiled jiroccss 
in that the soap is grained and strengthened, thus permitting com- 
plete saponification and the separation of glycerin in the waste lye. 
Procedure 1 1 is employed for the manufacture of white tloaling 
soap and of all detergents of whatever cjuality that contain no rosin. 
The greater part of the soa)) used is made according to jirocedure III. 

The Manufacture of Settled Rosin Soap. — The ([uality of tallow 
stock used is determined ]>y the grade of soap desired to be made;_ 
the proportions of tallow and cottonseed-oil are determined by the 
relative prices of these conqieting materials, it being endeavored, 
with soap of a definite standard of (piality, to maintain that stand- 
ard at the lowest cost. As rosin is the characteristic ingredient of 
this grade of soa]), the foundation of glyceride stock is selected on 
the basis of the percentage of rosin it will carry with the maximum 
brightness of color and firmness of body of the finished soa]). As 
stated before, as the general effect of ro^in is to soften and darken 
the soap, the (juality and combined firmness of the glyceride stock 
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admixture should be in inverse proportion to the quantity of 
rosin used. W. W., or water-while, and W. G., or window-glass, 
are the grades of rosin commonly used. With lower grades of 
rosin the depth of color raj)idly increases, with the result that, if 
used, the soap is greatly deteriorated in this respect. 

Caustic-soda lye is most economically prepared from com- 
mercial caustic. The preparation of caustic lye is fully described 
in the section devoted to that subject. For the saponification of 
tallow, 100 pounds of 74° caustic lye of 20^^ Be. will saturate an 
equivalent weight of tallow; roo ])ounds of caustic lye of 25° Be. will 
saturate 133 i)ounds of tallow. The pipe leading from the caustic- 
lye tank is suitably connected with the water-pipe and by regulating 
the valves on both pipes the caustic lye may be diluted as re(iuired. 
It should not be used too strong in the beginning, as it will be difh- 
cult to start sa])onirication. The various grades of tallow work 
best with a density of 15^ Be.; cocoanut-oil, with 20*^ Be.; cotton- 
seed-oil, and Lorn-oil, which is similar in its soap-making proper- 
ties, with a density never above 15*^ Bc\ A great excess of caustic 
lye at any time retards saponification by graining the mass, i.e., 
throwing the soap out of solution, under which conditions com- 
bination of stock and alkali is difficult. Lyes of ])roper density 
saponify readily because the soap is dissolved as fast as formed, 
the mass passing (|ui( kly from an emulsion to a clear paste. 

Stock Change. - With tallow^ and cottonseed-oil stock, the tal- 
low should be killed first and the cottonseed-oil afterwards. While 
these two materials differ greatly in their behavior toward the saponi- 
fying agent, it is a property of mixed stocks to blend their character- 
istics. Thus a difficultly sajionifying stock, as cottonseed-oil, 
works more easily when mixed with one saponifying readily, as 
tallow. Likewise the same conditions may be arrived at by killing 
the more refractory stock in the presence of stock already combined. 
Experience shows that the latter arrangement leads to more satis- 
factory results. The boiling may be started by either running in 
all the tallow to be used and then the caustic lye aV 15° Bd., boiling 
vigorously meanwhile, or the tallow and lye may be added simul- 
taneously, with care that the latter is never added faster than it is 
absorbed and at no time in such excess as will grain the soap. After 
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saponification is well under way and all the tallow and the greater 
part of the lye have been added, vigorous boiling is not required. 
The density of the lye should be increased to 18° Be., and toward 
the completion of the change, smaller quantities at 20° Be. should 
be added until saturation is complete and alkali remains in excess. 
The cottonseed-oil is now added and well boiled through to absorb 
the excess of strength left from the tallow. Additional quantities 
of lye at 16° to 18° Be. are now added as fast as absorbed and toward 
the end the density may be increased to 20° Be. Boiling should 
be continued until the soap will absorb no more alkali. The com- 
pletion of the change is indicated when a sample removed on a 
paddle and pressed between the fingers shows no signs of greasi- 
ness, but is dry and firm and is reduced to chips or small particles 
on pressure. It should fall from the paddle in clear, transparent 
flakes. The soap is now ready to grain. For this purpose, on 
the stock change, dry salt is used. The salt is shovelled into the 
kettle and uniformly distributed over the surface of the soap, which 
is well boiled through after each addition. The formation of a 
grain or curd depends upon the insolubility of soap in salt solu- 
tion. On the first appearance of the separation of lye from soap 
removed on the paddle, addition of salt should cease and the soap 
be boiled thoroughly to secure intimate admixture of soap and 
brine. When the separated waste lye shows no cloudiness on cool- 
ing, the graining of the soap is complete. Steam is now turned 
off and the contents of the kettle are allowed to stand. In kettles 
of average size, the stock can be killed and the soap grained before 
noon, but where complete saponification is desired, and especially 
with the use of cottonseed-oil, boiling should be continued slowly 
throughout the day and the .soap grained and the waste lye, called 
the stock lye, allowed to settle out overnight. In the morning the 
stock lye is drawn off from the bottom of the kettle and transferred 
to storage-tanks, where it is held for evaporation for the recovery 
of glycerin. The recovery of glycerin has come to be such an 
important feature of soap manufacture that every care ‘ is taken to 
secure the completest separation of this body. For this purpose 
it is recommended that caustic lye stronger than 15° to 16^ B6. 
should not be used on the stock change and that subsequent lyes 
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which contain little or no glycerin should be discarded. The 
stocT lye is the largest in volume of all waste lyes withdrawn from 
a boiling of soap and contains practically all the glycerin, except 
what is retained mechanically by the soap. For glycerin recovery 
the stock lye should Ije neutral, i.e., contain no caustic soda in excess 
yof 0.4 per cent. After the withdrawal of the stock lye, the soap is 
ready for the addition of rosin. 

Rosin Change. — The grained soap has subsided in the kettle 
to a depth equal to the volume of waste lye withdrawn. A little 
steam is turned on to kecq) the soap hot during the addition of the 
rosin, which is thrown in as fast as it is Ijroken up until the charge 
i.. complete. Caustic lye at 20° Be. is now added and the soap 
boiled vigorously. Additions of lye at the same strength are made 
as often as the soap shows a tendency to close. Caustic lye at all 
times should be present in such excess as to keep the soap well 
grained. Boiling should be vigorous to insure sulTicient heat to 
melt all the rosin, and to bring all portions of it in contact with the 
lye. The presence of uncombined rosin is indicated by its charac- 
teristic appearance. When saturation of the rosin with alkali is 
complete the soap will have assumed a uniform color. While 
caustic should be present in excess, an undue excess should be 
avoided. Toward the end of the change, with saturation almost 
complete, a tendency of the soap to close should be corrected by 
the use of dry salt. The soap at all times on the rosin change should 
be kept open; in the beginning with caustic lye and toward the 
end, when no addition of caustic lye is necessary for saturation, 
with dry salt. In this condition the coloring-matter and impuri- 
ties of the rosin are most fully discharged into the waste lye. 

To avoid unnecessarily long boiling on the rosin change, the rosin 
should be reduced to fragments not larger than a man’s head. In 
this way the rosin is most readily melted and combined with alkali. 
Care should be observed that no unmelted rosin remains on the 
bottom of the kettle. With cone-shaped kettles rosin may collect 
in the bottom and be hard to saturate with alkali unless the steam- 
pipe runs to the bottom of the cone. Whether the waste lye from 
this change, called the rosin lye, is withdrawn neutral or with caustic 
soda present in greater or less amount, depends upon the practice 
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prevailing in any particular factory. 'I'lie rosin lye should not be 
large in volume; it is highly charged with coloring-matter from the 
rosin; contains varying amounts of glycerin, often insuflicient to 
warrant expense of evaporation; and according to conditions, it 
may be economy to withdraw the lye as neutral as possible and 
run it into the sewer. With kettles of average size, it is practi- 
cable to complete the change in one day, adding the rosin in the' 
forenoon and boiling with caustic lye in the afternoon. When 
the contents of the kettle have become homogeneous, boiling should 
be continued more slowly and until satisfied that saturation is com- 
plete. Steam is then turned off and the rosin lye allowed to settle 
out overnight. On the following morning it is withdrawn, either 
to the sewer, if neutral, or to a storage- tank, if it contains strength, 
to be worked as desired with fresh stock. 

Strengthening Change. — While the utmost care should be taken 
thoroughly to saponify the stock on the stock change and to satu- 
rate the rosin on the rosin change, more or less of the ingredients 
escapes combination, according as it is endeavored to withdraw 
neutral lye for evaporation for glycerin, or lye containing strength 
to be reworked with fresh stock and then to be run to the glycerin 
plant. The jiurpose of the strengthening change is to complete 
the work of tlie previous changes. Without skill and experience, 
it is difficult to thoroughly kill stock and leave no free alkali in 
the waste l}e. The procedure on the strengthening change varies 
with different soap-boilers. 

After withdrawing the rosin lye, steam is turned on and caustic 
lye at 15° to 20 ° Be., according to the closeness of the grain of the 
soap, is added. Additions are made from time to time as the caustic 
is absor];cd. When the soap tends to thicken and regular l)oiling 
becomes difficult, brine, from 12° to 20° Be., according to the con- 
sistency of the sejap, is added. Boiling is continued until the pres- 
ence of caustic, as determined by the taste, does not vary. 

The following procedure is also used: After the withdrawal of 
the rosin lye, w^ater is added slowly with continued boiling until 
the soap is brought from the “open’’ or “grained” to the “closed” 
state. Boiling well meanwhile, caustic lye at 20° Be. is added 
until the soap is brought back to the open state. Boiling is continued 
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gently, with additions of alkali as fast as it is absorbed and always 
in Sulhcient amount to keep the soap in a thin, broad grain. In 
organic chemical reactions it is often didicult to effect combination 
of last portions of reacting bodies.' and especially so when handled 
in large volume. Wlien soap is thrown completely out of solution, 
.as is done when grained hard and round, this final combination 
IS more difficult than when ])artly in solution l)ut yet open enougli 
to separate lye, as just described. The soap should be kept in this 
state and well boiled. Toward the end of the change the soap 
p may be more sharply grained by the addition of brine of 23° BJ. 
A good separation of excess strength and coloring-matter is thus 
effected. Steam is turned off and the soap allowed to stand over- 
night. On the following morning the strengthening lye is with- 
drawn to storage-tanks or transferred to other kettles to be reworked 
with fresh stock for the recovery of the free alkali. 

Finishing Change. — After withdrawing the strengthening lye, 
steam is turned on and water carefully added and well boiled through 
after each addition. It is desired on this change to leave the soap 
in such a state of hydration, indicated by well-defined physical appear- 
ances, that on standing for a period sufficient to cool the soap to a 
temperature of 140^ Fahr. in the summer, and 150° Fahr. in the 
winter, it will separate into two distinct jiortions, viz., soa[) and 
nigre. During this period, the length of which is determined by 
the quality of the soap, whether it is rosined little or much, the 
volume of soap, and die season, whether summer or winter, the 
contents of the kettle arrange themselves in the order of their 
specific gravities, the soap rising to the top and the im])urities sub- 
siding. As a result of this interchange the more highly hydrated 
soap with the impurities is in the lower jiart of the kettle and the 
firmer soap in the upper ])art, both portions with a good linish being 
separated by a sharp line of demarcation. 

On* the finishing change an excess of water should be avoided, 
otherwise a large nigre will be formed and the yield of good soap 
will be small. The correct adjustment of this most imj)orlant 
factor can be learned only by experience. With a good linish the 
soap should be boiled, being thinned out with water from time to 
time as required, until it swells up in the kettle, shows no sign of 
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separation, and should possess only a slight taste of alkali. Toward 
the end of the change, with the addition of water in proper volufne, 
the soap should, with the use of very little steam, boil up regularly 
in plaques from centre to circumference of the surface. Thi 
surface of the soap should be smooth and glossy in appearance, anc 



in consistency should be firm and under no circumstance thin and 
flat. If the soap cannot be made to join thoroughly, i.e., if it shows 
signs of separation as a result of the presence of free alkali, the 
fault can be corrected by the addition of cocoanut-oil in requisite 
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amounts. When these conditions are attained steam is turned 
o(T i^ccurely and the soap allowed to cool and to separate the nigre. 

The Nigre.— The proportion of the nigre to the contents of the 
kettle varies from 25 to 35 per cent. As the nigre is more highly 
hydrated than the suj)ematant soa]), the pro[)ortion of soap in the 
nigre is much smaller. With uniform, careful practice it may 
he stated as a general rule that the proportions of anhydrous 
soap and water in the nigre are the reverse of what they are in the 
hnished soap above it. The volume of the nigre is determined by 
the procedure followed on the finishing change. If the addition 
of water has been in excess, the nigre will ))e large. Witli an excess 
of water the soap is said to be finished “fine” or “thin.” The 
terms “coarse” and “open” are applied to conditions at the other 
extreme. The more ('oarse or o^ien the soap is finished the smaller 
will be the nigre, to the degree tiiat no nigre will form at all and 
only lye separate. The intermediate condition is the one to arrive 
at, and, as stati'd above, only ex[)eriencc can determine it. 

Crutching and Framing Soap.- By the crutching of soap is 
meant the thorough incoriioration of various amounts of soda-ash 
solution at 36^ Bd. and of silicate of soda solution at 40^^ Be. into 
the hot and fluid soap. Other materials both inert and detergent 
nniy be added, the use of much of which approaches dangerously 
near the line of sophistication and under no circumstances is to be 
recommended. The cnitcher or mixer is a common type of machine 
and consists essentially of a cylindrical tank, either plain or jacketed, 
containing an upright shaft supporting either horizontal arms, or 
a broad screw rotating within an inner concentric cylinder; both 
are actuated through suitable connections by belt from shafting. 
Another type of crutcher contains a horizontal shaft, bearing spi- 
rally inserted arms, which moves the mass from end to end, instead 
of from top to bottom as in the vertical type. 

When the soap has cooled to a suitable temperature, viz., 140° 
in summer and 150*^ in winter, determined by removing a sample 
through the* swing- joint pipe of the soap-kettle and testing with a 
thermometer, it is run preferably by means of troughs to the Crutch- 
ers, best operated in pairs. As the soap in one crutcher is being 
crutched, the other is being filled. After the addition of a requisite 
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amount of soap, the filling, meaning the socla and silicate solutions, 
is added and crutching begun. The legitimate use of filling agents 
does not exceed lo per cent, of the weight of soap. The best pro- 
portions are 75 pounds of 36° Be. soda-ash solution and 25 pounds 
of silicate of soda to a single frame. After thorough mixing of this 
material with the soap, the whole is discharged through a door in 
the bottom of the crutcher into a frame on the floor below. The 
soap frame is essentially a box, with removable sides and ends, 
mounted on wheels, and of a capacity of 1200-1300 pounds of filled 
soap. The interior dimensions of such a frame arc: Depth, 40 in.; . 
length, 54 in.; width, 15 in. After standing at least three days, 
the ends and sides are removed and the soap after a lapse of a day 
is ready to cut into bars for drying. The subse(picnt manipulation 
of the soap consists of pressing, wrapping, and packing in boxes. 

The Manufacture of Soap from Cottonseed-oil Soap-stock. — As 
the free fatty acids of cottonseed-oil arc simply the natural glycerides 
of the oil with the glycerol removed, it is clear that soap made from 
them in the treatment of the oil on refining is equal in all of its 
proyicrtics to soap made from off summer yellow oil. In the former 
case, however, the soap is highly contaminated with the coloring 
matter of the seed and other organic im|)urilics. The process hy 
which these impurities are to a large degree eliminated has been 
described in the preparation of cottonseed-oil soap-stock. This 
material, as we have seen, consists of cottonseed-oil soa[), more or 
less free cottonseed-oil, and the still adhering organic impurities 
and coloring-matter which impart to the material a persistent and 
characteristic odor and color. Cottonseed-oil soap-stock, in a 
highly purified form, may be disjiosed of to woollen mills to be uscvd 
for the scouring of wool; but if used in the manufacture of laundry 
soap, it is necessary to rework it in order completely to saponify 
the residual free oil. Otherwise its manipulation would simply 
comprise its addition to the regular soap in the process of boiling 
for remelting and incorporation. As its influence upon a tallow 
soap is the same as that of cottonseed-oil transformed into an equiva- 
lent weight of soap, in all cases where the color and odor of the fin- 
ished product will permit, its use is fully admissible. In the process 
of boiling it may be added to the tallow soap on either the stock, 
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rosin, or strengthening change, but preferably on the strengthening 
change. The strengthening change will then comprise the com- 
pletion of saponification of the tallow and of the free cottonseed- 
oil in the soap-stock. The procedure of treatment need not differ 
from that already described for the strengthening change of a tallow- 
cottonseed-oil soap. If the soap-stock is highly colored, it may be 
advisable to give the soap, after the strengthening change, a pickle- 
wash, This is done in the following manner: After withdrawing 
the strengthening lye, steam is turned on and some water added to 
facilitate boiling. Whether sufficient water is added to just close 
the soap and brine of 25® Be. used, or little or no water and brine 
at 12^ Bd., is a matter of conditions open to choice. By the former 
method a sufi'icient quantity of saturated brine is added to give the 
soap a good, round grain in order to expel water with the coloring- 
matter in solution. After boiling to secure thorough mixing, steam 
is turned off and soap allowed to separate the wash-lye. The latter 
is then withdrawn and the boiling proceeded with as before describcvl. 
Should it be desired to further improve the color of the soaji, the 
same can be done on the finishing change, by turning off steam 
and allowing the soap to stand two or three hours. During this 
time, if the addition of water has been sufficient, a small nigre will 
form by the partial precipitation of the impurities. This nigre is 
then pumped off from below into another kettle to be reworked into 
a subsequent boiling. The finishing of the soap may now be pro- 
ceeded with. 

The Manufacture of Soap-powder. — It is in the manufacture of 
soap-powder that cottonseed-oil soap-stock finds its cpuckest and 
cheapest utilization as a detergent. Soap- or washing-powder is 
simply soda-ash and soap intimately mixed, cooled, and ground 
to a powder. Sodium silicate is also used as an ingredient. The 
soap-stock may be used with but little purification beyond subject- 
ing it ‘to a washing process wdth brine sufficient to discharge the 
heaviest of the organic impurities; or it may be thoroughly saponi- 
fied, after, having been purified to any desired degree. By the 
latter treatment the resulting powder is cream-colored to white; by 
the former, brown to yellow. 

A ; the preparation ( f soap-stock from the residuum of the refining- 
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kettle has been already described, it will only be necessar}^ to dwell 
upon the treatment of the finbhed soap-stock. If it is desired to 
make a light-colored powder it will be necessary to use part off 
summer \ellow cottonseevd-oil, the proportion being determined 
by the degree of purification the soap-stock has undergone. With 
the proportions decided upon, the soap-stock should be added to 
the kettle and steam turned on. While the soap is melting, tlie 
cottonseed-oil may be addcvl and lye at 15° He. run in The pro- 
cedure already outlined for the stock change in the manufacture 
of settled rosin-soap should be followed. On the completion of 
saponification, a slight excess of frer a kali is immaterial. In pre 
paring the finished soap for mixing with soda-ash, a little moie 
water should be added than is used in finishing settled soap. Should 
the soap be finished too coarse the mixture of soap and soda ash 
in the crutcher may be too thick for easy w'orking. 

Mixing and Framing. For this purpose the .soap-c rate her may 
be used, but it is desirable that for mixing the thick, heaw mass of 
soap and ash the mixer be more' strongly built than thc‘ordinar\ soap- 
crutchcT and preferably of the t\pe with c-ither hon/ontal or \ertical 
blade agitator, ddie ingredients added to the* mixer comprise thin 
soap, soda-ash, and silicate c)f socki d'hese m<i\ be in \arious pro- 
portions according to the (|U.iht\ of powdcT desired. For a single' 
frame' (")oo to 700 pounds each of soap and .ish may be used to which 
100 to 12^ pounds of silicate arc added. Soap is run in first, the 
amount being determined by the Ie\el in the mixer, .ind then the' 
ash 1.1 suceessice amounts until the entire wc'ight is addc'd. Addi- 
tion of entire amount of ash at once may block the crutcher and 
benel or brc'ak the blades of the mixer. ITe amount of silie.itc 
added will depend iijion the consistc'ne \ of the mixture' of soaj) and 
ash If the* soaj) is finishc'd too thin, the weight of asli mac not la 
sufficient to counteract the thinness of thc' resulting mixture', n 
which e\ent c'lthcT more* ash or less silicate may be adde-d. Whth 
soap Jinished coarse- m thc' kettle it mac be necessarc to add ccatei 
in the- crutchc-r When a homogc-nc-oiis mixture' has been obtained 
the mass is fiamed. One clay as a rule suffic c's for cooling, at th<‘ 
end of which time the- mass is strippc-cl ancl cut. C'orners and ends 
of the frame' are usually hard, and to penetrate w’hich thc ordinary 
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soap-slabber is unsalisfaclory. Rec()ur''e is had to luind-slal^bing. 
Should the mass become loo hard to be cul b\ wire*, it must be dis- 
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integrated by more laborious means. After slabbing it is cut Irans- 
versely, and the slabs piled up to dry. d'he frame method is the 
most cleanly and convenient. According to the lloor method, the 
mixed soap and soda-ash arc run directly from the crutcher, used 
c\cliisi\ely for this jiurpose, on to the lloor of the apartment, where 
it is allowTcl to sobdifv, aftcT which it is broken into coarse lumps 
to facilitate cooling and diwing 'The mass is then further disinte- 
grated, and ground as ic‘c|uiiecl. d'hc slabs after disintegration, 
cither by hand or disintegrator, are ready for grinding. A com.mon 
type of disintegrator or crusher is shown in Figs. 74 and 75. 



1 m(., 75 -DisinUgi.iloi with C .ising 

Grinding Soap-powder. - Mills of carious types are used for 
reducing the coarse lum])s or slabs to powder, one form of which is 
shown in Fig. 76. 
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A satisfactory method of handlinjr soap-powder consists in storing 
the material in a ho[)per or bin, as it Cannes from the crusher, and 
transferring it thence by gra\ity to the mill as rc((uired. This 
arrangement of crusher, hopjier for crushed material, mill and hopper 
for powder is shown in Fig. 77. 

It will ])e readily seen that the arrangement showai niay be \aried 
to suit conditions, so that the crusher may be located on any lloor of 
the Ijuilding where the framed material is most easily deli\ered, and 
the mill may be also located where most convenient. 

Bv using two small elevators, both crusher and mill may be located 
on the same lloor, and the bins placed against the ceiling or on the 
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Hoor above. In the mill shown in Fig. 76 the material is reduced 
to jiowder l)V' repeated blows of ra])idly revolving ^teel beaters run- 
ning in a sjiecial casing. The bottom of the casing is composed of 
a perforated screen (f a s[)ecial metal, which unites great strengtli 
and toughness vvitli phenomenal wear-resisting (|ualities. The 
powder is raj)idly reduced by the action of the lic^aters, and the line 
material is instantly discharged through the screen. All parts of 
the casing are easily accessible for examination and cleaning I'he 
onlv wearing ])arls are the screens, which are cluralile and ipex])C‘n- 
sive. The mill is intended to receive its supply from a storage-bin 
overhead, and to deliver into one bedovv or into barrels. In Fig. 78 
is a diagram for setting uj> the mill to discharge into barrels. The 
frame consists of 4-in. dressed yellow ])ine and is large enough to 
take a sugar-barrel. The sides of the framework should be ccw- 
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eml in with ordinary unbleached cotton sheeting. A door is pro- 
vided, consisting of a light frame, cloth-cocered, which is to be held 
in i)lacc by buttons as shown. The mill draws air through its 
sides and discliarges through the screen. This air circulation is 
necesstiry to keep the jiowder c(;ol. 

The cloth sides of the frame allow the air to escape, while rc'tain- 
ing the dust. 

The mills can lie set to discharge into a bin, c‘le\ator, coini'vor, 
or any manner desired, but there should alwavs be some such oullet 



for air provided. In many cases a dust-bag, made of one piece of 
double-width cotton sheeting sewed together at the edges and made 
about 6 to dft. long, will ser\e the purpose. The upper part can be 
connected by a 3-in. pi[)e to any convenient pait of the discharge- 
casing, and the lower end should be hemmed and tied together with 
a heavy cord. When the dust accumulates, untie cord and empty 
out. Shake dust from sides of bag freciuently. If the bag is allowed 
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to fill ii]), the air cannot escape and the mat hine will be liable to heat 
up the powdc'i* and stop ^\()rk. 

In 79 is shown a very compact and self-containc'd cle\icc 
for manufacturing soap-iiowdcr which is not williout many points 
of peculiar merit. Tt consists essentially of a disinief^rator or ])ul- 
\eri/cT whic'h connects by means of an ujiri^dit duct with a western 
of sicnes ('onlamed in the oM'ihead bin from which the ])o\\der, 
reduced to the de.itree of hneness recpiirc'd, is discharya'd into the 



Fi(.. 78. — Diaj^iain lor Scttiiijj; up Mill to Discharge into Barrels. 

barrel on the floor, or into a bin discharging on to the floor below. 
The disintegrator consists of a disc bearing cast-steel pegs lotating 
at the rate of 1500 or more revedutions per minute and contained 
within a case to both sides of which likewise arc attached cast-steel 
jiegs. d'hc' clisintegration of the ])owder is thus effected by concus- 
sion. The ra])id revolution of the interior disc creates sulficient 
pressure to force the ground material into the sieve-c hamber above, 
where it is dejiosited on a sieve of given mesh to which a lateral 
moticin is imjjarted by means of a cam attached to the counter- 
shaft. The powder ])asses through the sieve into a suitable recep- 
tacle, while the coarser material with the air is returned by means 
of a tailing-duct to the disintegrator to be reground. 

Packing Powder. —Where large num])ers of cartons arc to be 
packed, it is essential to adopt some method to insure that they shall 
all be filled exactly full and that the cost of filling ^hall be as low 
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a given weight of powder will occupy, depending on fineness of 
grinding. Therefore it is best to use powder just as it comes from 
the mill to determine this \olume l)efore ordering the cartons. 

A very effectixe and ine\j)ensi\e method of filling the cartons is 
to make a number of tin boxes, ojkmi on one end, of proper si/c to 
just slip inside the carton and deep enough to contain the rcfjuircd 
xolumc of powder. These tins arc to be closely packed side by side 
(m a tray as large as can be conxeniently handled. The ])owder 
can l)c sprc:id on the open top of the tins and levelled off with a 
shoe el or hand-scoop. One minute’s xxork will fill a whole tray of 
tins. The tray is then plac ed on the j)ac'king-tablc, where the packers 
take the tins one by one, sh]) a carton oxer the open top and turn 
upside clown, leaving exactly the right cjuantity of powder in each 
carton, and ])lace the canjity tin on a new tray ready for refilling. 

Continuous Method. —The manufacture of soap-powder on a 
large scale permits of the fullest opjiortunity for the introduction of 
labor- and time-saving dexiccs. 'Fhe use of an automatic xveighing- 
machine, attached to the soap-j)ox\der bin xxhich receives the ground 
powder from th(‘ mill, allows of the disdiarge of a uniformly regu- 
lated amount of jiowder into the carton or shcdl. ITom the crush- 
ing of the ('oarse jioxvder by the disintegrator to the completion of 
the process the operation as jirexioiislc described and illustrated is 
continuous. There is in use xvhere the xolume of manufacture per- 
mits a device or an arrangement of device's which makes the manu- 
facture of soap-poxvdcT an uninterrupted process from the soap- 
kettle to the pasted ])ackage. This arrangement consists essen- 
tially of a specially constructed crutcher for mixing the ingredients, a 
mechanism for cooling, drying, and reducing to a coarse form the 
material which on a smaller scale of manufacture is framed, cooled, 
striy)ped, cut into slabs, dried and disintegrated, a grinding-mill, 
automatic weighing-machines, belt conveyor for filled packages, and 
their pasting and packing in cases by specializ.ed labor. 
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COTTONSEED-^IKAL A\T) ('O rroXSEED nULLS FOR CATTLE- 
FOOD A\D FERTILIZER 

Comparative Value of Cottonseed and Corn Cottonseed-meal Cottonseed- 
hulls Comparative Value of Cottonseed-meal and Seed Value of Seed 
and "Meal for I'eed Cottonseed Prodiuts for Hogs and Calves Toxic 
Princi[)les Cottonseed Products for Milk Rations for Peef Rations for 
Milk and Putter Com|)arison of Concentrated Feeds. Cottonseed .ind 
Meal as F( rtili/ers Value of Cottonseed on the Farm Some loTtili/er 
History 

Comparative Value of Cottonseed and Com. — The value of cot- 
tonseed for fcc(liiv4 ])iir|)()scs is not so fully understood and appre- 
ciated as the feeding value of its jiroducts, meal and hulls. They 
are not so readily eaten as their products arc, especitilly meal. They 
are known, however, to he a valuable feedinu-stulT. Exjicrimcnls 
demonstrate that in feeding value they are fully e([uivalent to that 
of corn. From experiments made at the Texas Agricultural Experi- 
ment Station, i pound of cottonseed-meal was found to be ecpial 
in feeding value, i.e., beef-producing value, to 1.21 pounds of corn. 
Similar experiments at the AIississi[)pi Agricultural Experiment 
Station demonstrated that i pound of cottonseed was equal to 
1.06 pounds of corn- and cob-meal. The average of these two 
results indicates that i pound of cottonseed ccpials i to 1.13 [lounds 
of corn-meal.* This means that i ton of cottonseed is worth as 
much for producing growth m beef cattle as 1.13 tons of corn or 
corn-meal, and that when (orn is worth 40 cents per bushel (S14.20 
per ton) cottonsee 1 are worth $1600, or 24.2 cents per bushel of 
30 pounds. And with corn at 80 cents per bushel, cottonseed are 
worth as feed $32.00 per ton, or 48.4 cents per bushel. 

* Com of Agr., North Cjirolma, 1903. 
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The comparative amounts of ])roximatc constituents in cotton- 
seed and corn-meal are shown by the following analyses: 

Cottonsocil Corn-meal. 


Water g 02 per cent. it;.o i)er cent. 

Ash 4.74 “ 1-4 “ 

Protein 19.38 8.2 '' 

Fibre 22.57 

Carbohydrates 23.94 “ 68,7 “ 

Fat 19.45 " 3-8 “ 


Cottonseed-meal.— The superior value of cottonseed-meal as 
feed for cattle and sheep is shown by the fact that more than one- 
half of the output of meal is exported to foreign countries for this 
purpose. The remainder is di\ided between local consumption 
for feed and fertili/.er and Northern consumption for dairying 
and feeding. a concentrated feed it has no ec|ual for beef cattle 
and dairy cows. When compared with corn and corn-meal in 
feeding experiments with milch-cow'^, it is show'n to produce more 
milk and butter than ecpiivalent w’eights of corn or corn-meal, and 
than generally greater weights of w'heat bran and linseed-meal. 
This comparison likewdse holds in its value for fattening lieef cattle. 
Feeding cx])eriments with beef cattle conducted at experiment 
stations in Texas, Mississippi, and Pennsyhania show' that 1 pound 
of cottonsced-meal produced in the same rations as much lieef as 
1.34 to 2 ])Ounds of corn-meal, the a\erage being 1 [)ound of cotton- 
seed-meal to 1.73 pounds of corn-meal. 

Cottonseed-meal is a vein rich concentrated feed, wdiich can- 
not l^e fell alone and must be fed with care and judgment in all 
cases. Wdlh coarse bulky feeds like cottonseed hulls, the grass- 
hays, and the corn pkint, w'helher shredded or cut, meal makes 
most excellent rations. For fattening steers, three to four pounds 
of meal per day are gi\en at first, and all the hulls, hay, or corn 
fodder that the animal wall eat wathout waistc. The (fuantity of 
meal is increased gradually to six, eight, and ten pounds per animal 
per dav, with hulls, liay, or corn fodder, or all, as before. The 
best proportions of meal and hulls, as indicated by a great many 
experiments, are one pound of meal to three to four pounds of hulls 
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after the feeding is well in j)rogress and the ani.nals have l)eeoine 
accustomed to the diet. 

Cottonseed - hulls. — The hulls from the seed were formerly 
much used for fuel for running the engines at the oil mills, and 
may octasionally be used for that purpose }et, but the mam demand 
for them is for feeding beef cattle, tows, and sheep, a demand to 
whidi the supply i^ not eipial. It b becoming the rule for cattle 
to be fattened for beef at or near the milb in the South during the 
winter on hulls and meal. 

The value of a feed depends on its composition, digestibility, 
and palatability. The palatability of hulls is shown by the fact 
that animals eat them readil} and with relish. The chemical 
analysis of hulls, and their actual digestibility (solubility in the 
animal iuices), as determined by a number of experiments wdth 
cattle and sheep, show them to be worth from onedialf to tw'o- 
thirds as much as the ordinary grassdia\s. In composition they 
are similar to the grass-ha\s, but onl\ onedialf to two-thirds as 
much of them are actually used by the animal as of the hays. 
They make a \ery coarse, bulky feed; but a certain amount of 
bulk is necessary in feeding cattle and sheep, and hulls au extremely 
hand\ and coiuenient for diluting cottonseed-meal, whuli is too 
rich and conientrated for feeding alone, ddic pi ice paid for hulls 
is goNciued by the cost of good hays. 

Comparative Value of Cottonseed-meal and Seed.- ddie a\er- 
age of results obtaiiu'd in feeding expel iments conducted at the 
Texas and MisMssippi Agricultural Expeiiment Stations shows 
that 1 pound of cottonseed-meal piodmcvl as much beef as 1.47 
pounds of cottonseed. C'ompaiatix e tcrding \alues of com, cotton- 
seed, and cottonseed-meal obtained b\ expeiiment on beef cattle 
represent a\erage results that may be expected with good fecsling 
under good conditions d lu* feeding \alue of any stulf is com- 
paratixe, and its piice will lluctuate with that of the siandaid feed 
Used for companion with the pi ice of the products into which it 
is C(m\erl<;d. If 1 ton of cottonseed-meal will produce a growth 
eciui\alent to that produced In 1.^7 tons of cottonsee I, and cotton- 
seed-meal is worth ^Se5.oo per ton, cottonseed loi the same pur- 
]H;se are woith $i0.t)() pel ton or 25 cents per bushel. 
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The relation of cottonseed and cottonseed- meal from the stand- 
point of their value as stock feed and fertilizer, and the relation 
of the farmer, as producer of cottonseed and consumer of its non- 
oleaginous ingredients, to the cottonseed-oil miller, whose chief 
product is the oil, are tersely expressed by The Southern Farm 
as follows; 

“One ton (2000 lbs.) cottonseed contains 

Of nitrogen 

Of phos])horic acid 

Of ]X)tash 

One ton (2000 lbs.) cottonseed-meal contains — 


Of nitrogen 163 lbs. 

Of pliosphoric acid 65 “ 

Of ]X)tash 46 “ 


“Allowing that the farmer c.irrie^ his seed to the mill and gives 
the oil as toll, he should carr\ back with bin the resulting ])roduct, 
in meal a1 out 750 pounds, and al)out 90c ])ounds of hulls, 

“ It is a common (piesiion wdiether this is a j)rorita1)le exchange 
for the farmer. 


“ It is an accepted fact that the oil has no value as a cattle-food. 

“ Bui undoubtedly a farmer can teed more economically m using 
meal and hulls than in feeding merely the raw' seed. 

“ In exchanging the seed for the meal the farmer docs not dis- 
pose of any of the valuable elements — nitrogen, yiotash, and phos- 
jihoric acid. The 750 pounds of meal contains wdthin a small frac- 
tion all the nitrogen that was in the ton of seed. 

“ What yirice, then, should cottonseed command when cottonseed- 
meal is held at $16.00 per ton? 

The 750 lbs. of meal from the ton of seed, at 75c. per 100 lbs., is $6.00 
Add 900 lbs. of hull from this ton of seed, at 15c. yier 100 lbs. . 1.35 

Cash value of the ton of seed $6.97 

“ At these relative values the mill would get the product of oil 
(30 or 35 gallons) to jiay for the cost of grinding. At 20c. per gal- 


61 lbs. 
20 ‘‘ 

23 “ 
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Ion this would give the mill Sd.oo to $7.00 margin to cover all its 
expenses an I profits. 

‘‘ Whether thi^ is too much for the mill is a question we cannot 
answer. If called upon for an ojiinion, we should say that it is not, 
from the fact that we would rather ha\e the 7 50 lbs. meal and ()oo lbs. 
hull, either for feeding or ferlili/ang purposes, than the original Ion 
of seed.” 

Value of Seed and M^al for Feed. — The eipiivalcnt fecsling 
values of cottonseed- meal an 1 corn or corn-meal may be staled as 
follows : 

One pound of cottonseed eijuals 1.13 ])ounds of corn or torn- 
meal. 

One pound of collonseed-meal tiiuals i 75 [lounds of torn or 
torn- meal; 

One pound of meal eipials 1,5 pounds of seed. 

From these figures, obtained m .ictual feeding tests, B. W. Kil- 
gore* has talculalcsd that. 

1. When torn h woith So tents per liushel, or $1 42 per 100 
[lounds, or $28.40 per ton, (otton''eed should be wortli Si [ler 
100 pounds, or 48.4 cents per liii^lu'l, or $12.00 per ton. 

2. When (orn i> worth 40 cents per bushel, cottonseed are worth 
2^.2 cents per liushel as feel, or 8i()oo ])er ton 

3. When cottonseed aie Wviith 25 cc'Uts per bushel, or $16 06 
per ton, torn sliould be worth only 37 ^ cents per bushel. 

4 When cottonsee I-uumI i> woilh $2500 per ton, or 81.2^ per 
100 jiounds, cottonsee 1 should be worth 84 tents per 100 pounds, 
or 25 tents per liiishel, or $i()0t) per ton. 

3. Wlien seed are w'orth 20 tents pel bushel, or $13.32 pel ton, 
meal should be w'orth $2000 per ton. 

Cottonseed Products for Hogs and Calves. -Xeaily all ot the 
carefully tonducted experiments* show that neither cottonseed nor 
meal can be fed profitably to heygs and >oung caKes Xot only 
can they not be fed ])rofitabl\, but geneially then are posiiitely 
injuiioLis auil most frequenth restdt m the death of the a umal 
when persisted m. Whether death in these classes of animals b 
due to such mechanical causes as loose lint, large amount of oil, 


* Report of Com of Agr , North Carolina, 1903 
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hard c’nd ‘^harp seed-coats, or whether cottonseed products contain 
originally a toxic principle, or whether such is developed the 
result of decomposition outside of or change within the animal 
body, is yet an open (piestion, an I i^ a nice and important one, to 
be sohed in connection with the problem of feeding cottonseed 
products. 

Toxic Principles of Cottonseed-meal. — The extensive use -of 
cottonseed-meal for feeding ])urposcN and the experience that it 
cannot be fed with safety to \ery young animals have directed atten- 
tion to the occurrence in cottonseed-meal of bodies possessing 
toxic properties. Chemical analysis has isolated tw'o nitrogenous 
bases tcTmed cholin and betain, the latter being a product of the 
oxidation of the former and the less poisonous of the two. In a 
sample of cottonseed-cake examined in the U. S. (dovernment labo- 
ratory the two bases were found pre^.ent in the followdng relative 
proportions, \iz , chohn 17.5 per cent., betain 82.5 per cent. Where 
toxic results haw been exjierienced it is presumed that in the feed 
used, cholin has been relati\el\ more abundant than betain. 

Cottonseed Products for Milk. —Feeding and dairy experiments 
with coUonsc'C‘d, cottonseed-meal, <ind corn indicate that their 
relatiw milk and butter-producing \alues are about the sime as 
those slated for beef prodiulion. ddiey do not injure the milk 
for drinking purposes, l^ut wheel feel in too large (|Ucinlilies, they 
do affect the ([uahtN of the buttcT produced, giving it a higher melt- 
ing-point and making it firm, which is an adcantage in a warm 
climate, but at the same time the texture o injured, the butter being 
sticky and the lla\or ])oor. When seeil and meal are properly 
combined with hay and grain-fecal, so that cottonseed products do not 
form o\cr one-fourth of the- gram ration, this injurious elfect on 
the ([ualily of the* butter is not apparent. 'Two to thiee iiounds of 
cotton-^ecd or meal may be fed pc-r cow per day w’lthout maunially 
affecting the (juality of the butter. Cottonseed-meal is rich in 
ile^h-former. and milk producers and its value as a dairy food is 
iin(|uestioned and undoubted. It is especially wvll* adajited for 
mixing witli coarse ferd, as hulls, corn-fodder, ensilage, and hays. 

Rations for Beef.— 'The use of cottonseed iiroducts m admix- 
ture with coarse feeds for beef productum is illustrated m the follow- 
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ing recommendations from the Report of the Commissioner of 
Agriclilturc of North Carolina for 1903. While these rations are 
especially for beef production, they are suited also for milk when 
it is not intended to be used for butter 

1. I lb, cottonseed-meal to 4 Ibx cottonseed-hulls, heeding all 
that the cattle will eat readily. Corn-fodder or hav may rejilace a 
pcfrtion of the hulls m this nition. 

2. I lb. cottonseed-mead to 5 lbs. corn-fodder (whole plant). 
Feeding all that the cattle will eat 

3. I lb. cottonseed-meal to 6 lbs. grass-hays. Feeding all the 
animals will eat 

4. 5 lbs. c'ottonseed. 

5 lbs. grass-hay or corn-fodder. 

13 lbs ({)\\-p(ai \ine ha\ 

Rations for Milk and Butter. 

5. 2 lbs. cottonseed-nuad. 

3 lbs. corn-mcMl. 

3 lbs. wheat l)ran. 

15 lbs. grass-ha\, corn-foddcT, or stocer, 

23 lbs. 

6. 2 lbs, cottonsc'ed-meal 

6 lbs. corn-mead. 

8 lbs. giMss-ha\, corn-fodder, or stover. 

8 lbs. cow -pea \inc‘ ha\. 

24 ll)s. 

7. 2 lbs cottonseed. 

2 lbs. corn-meal. 

4 lbs whcait bian. 

8 lbs. grass-h.ics, corn fodder, or stener. 
lbs. cow-pea Mnc‘ ha\. 

2 I lbs, 

Pasturage ma} be sulistituted for hacs or coarse ferds in the 
above rations. C'oltouseed aie fcal to best advantage m combina- 
tion with [laslurage or an abundance of coarse feeds. 
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Rations 5, 6, and 7 will suit as well for beef, but are more expen- 
sive than rations 1, 2, 3, and 4. 

Animals weighing about 1000 pounds eat 20 to 25 pounds of 
dry feed per day. Larger ones eat more, smaller ones less. All 
food beyond what is necessary to run the \ilal meclianism goes to 
the production of milk, butter, and Ikef. Lil)eral feeding within 
limit of the animal’s health is most economical. 

Comparison of Concentrated Feeds.— Mr. \V. J. booker, in 
Flour and Feed, gi\es the following statement, based on a n'jiort of 
IVof. E. i\. Jenkins of the (j)nnecticut State Experimental Station, 
showing the relative value of nitrogen, ])hosphonc acid, and potash 
contained m wheal bran, (.orn-meal, linseed-oil nuad, and cottonseed- 
meal • 

" ' i i 

I X'tr.-Kcn nii,.si.huiu ] p,,, 

Poumh j I\innd\ | l\>unds 

2000 pounds win .a 1)ran i ontains .... 47 I Oo 2 1 ^20 

2000 ])oun(ls ( orn UK .il ( ont.ntis 2() o I J28 | 800 

2000 [)oun(is lin^i‘( (1 oil mi'.il ( onl.uns . | Tof)o ! -O- 

2000 pounds ( ottousi < d-iiH .il ( out. nils .... M 1 a I 8 

’Taking th(‘ nitrogen at 17 cent^ per jiound, jihosphoiK acid at 6 
cents per jiound, and potash at 4 1 cents ])er pound (all of which are 
low \cduations), gi\es the following as the m<inuri d values. 

IX I IXui of 


«> ' ' ) Poiinds 

Whcait bran 

Corn-miad ()0| 

Linseed-oil meal 21.55 

Cottonseed-meal 28.04 


In feeding, the animal retains from 5 to 20 \)vr cent, of the 
above elemimts, so that, taking 20 per lent, from the above \ allies, 
and taking wheat bran at $22 ])er ton, corn-meal at $24 per ton, 
hnseed-oil meal at $?8 pc*r ton, and cottonsecal-meal at $27 per 

ton, after deducting the cost of tlie manure, it costs to feed — 

IV'r Toa 

Wheat bran ' $11 -5 7 


Corn-meal 19.16 

Linseed-oil meal 6.45 

Cottonseed-meal 4 * 5 ^ 
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It will be seen from the foregoing that cottonseed-meal contains, 
by a large percentage, a greater amount of nitrogen (protein) than 
any othcT food. It is, in fact, the mo'>t concentrated, cheapest, and 
most nutritious of foods, and in feeding, mixing it with bran, mid- 
dlings, hulls, or other feeds, it iiroduces an ideal cattle food d'he 
tendency of the times is toward morc‘ scientific feeding, and the 
utilization of cottonsec'd-meal, with its high pc'rcentagc' of tlesh 
forming jiroperties, makes a great acKancement oxer the- old method 
of feechng thc‘ whole seed. 

Cottonseed and Meal as Fertilizers.— Afe.d is much used as a 
source of ammonia in commercial fcanlizers m the cotton State's, 
and the seed arc' used directly by farmers for fertilizer in no small 
cpiantity, A Ion each of cottonsec'd and meal contain ammonia, 


phosphoric acid, and potash to the' \ahie of: 

One ton (2000 lbs) cottonsc'ed contains — 

Ammonia, 75 lbs. at 14 cents $10 :to 

Phosphoric acid, 20 lbs. at gcc'iit^ 1 04 

Potash, 24 lbs. at 5 cents 1.20 

Fc'rtilizmg \alue of a ton of cottousc'ed $12.74 

One ton (2000 lbs ) c ottonscH'd-me.d contains — 

Ammonki, 170 lbs. at 1 1 cents $2^ 80 

Phosphoiic acid, 5(1 lbs. at 4 cents 2.24 

I’otash, 36 lbs. at 5 cents i.8o 

Fertilizing \alue onc' ton cottonsec'd-meal. . . . $27 84 
It takes 2.6 tons of seed to make a ton of meal. The above 


figures expressing the fertilize'!' \alue of cottonseed and mc'cd are on 
ba^is of prices of recent date * foi raw or unmixed fertilizer materials 
in retail lots for fne tons or k'ss, lor cash, at the factory. Aceorcb 
ing to theVe valuations, when kainil delicered on lla farm costs 
i>i2 30 per ton, 13 pc'r cent, acid phosphate $ir.2o, nitrate of soda 
SsO 00 per ton,* and dried blood $45.00 per ton, cottonseed are worth 
IS a fertilizer $12.74, or slightly more than tc) cents per bushel of 
diirty ])ounds. 


* RciK)rl of (’oni. of North Carolina, igoj 
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Value of Cottonseed on the Farm. -The foregoing figures were 
staled to be on baMs of ])rices of fertilizer materials at the factory. 
The farmer would ha\e to ])ay freight, merchants’ commission, and 
cost of hauling to the' farm, if he sold his secal and bought an e(|uiva- 
lent amount of fertilizer materials to replace them. The price of 
seed should, therefore, be increased to mc'ct this additional cost, 
and would be something like the following. 

When 13 pcT c'ent. acid phosphate delivc'red on the farm costs 
$14.00 ])er ton, kainit with 12 50 per cent, potash co'>ts $[ ^ 00 ])c‘r 
ton, and nitrate of soda Sho.oo, dried blood of j() per ecml. vS^o 00, 
and fish-scrap $32.00, then cottonseed are worth on the farm 


as follows’ 

One ton seed contains — 

Ammonia, 75 lbs. at i() ccaits $12.00 

Phosphoric acid, 2h lbs. at 5.4 eemts 1.30 

Potash, 2 I lbs. at 5.6 cents 1,31. 

Fertilizing \.due of one ton sc'cd $14.64 


This is e(|ual to 22 cents ])c‘r bushel of thirty pounds. 

Or, in case it is desircal to buy acid phosphate and kainit or 
some other potash salt to use with the cottonseed to make a com- 
plete fertilizer for cotton, torn, or other crops, the seed will ha\e a 
still higher value, as the same amounts of ammonia, ])hosj)honc 
acid, and ])otash always cost more in a mixed fertilizer than in the 
unmixed materials. Looking at the value of seed as fertilizer from 
this standt)oint, when a mixed fertilizer, containing 8 per cent, 
available ])hosphoric acid, 2 per cent, of potash, and 2 [ler cent, of 
ammonia, costs delivered on the farm $18.00 [ler ton, cottonseed 


arc w’orth $16.34 ])er ton, as follows: 

One ton seed contains — 

Ammonia, 75 lbs. at 18 cents S13.50 

Phosphoric acid, 26 lbs. at 5.2 cents 1.35 

Potash, 24 lbs. at 6.2 cents 1.49 

Fertilizing value of one ton seed $16.34 

This is ecpial to 24.5 cents per bushel. 
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Should the 8-2-2 fertilizer ((M ,^20.00 per Ion, then the seed 
would. he worth $17.16 ])er Ion, as follows. 


One ton seed contains — 

Ammonia, 75 Ihs. at 20 cents S15.00 

Phosphoric acid, 26 Ihs. at ^ 8 cents i.:^i 

Potash, 24. Ihs. at 6 <) cents i 65 

Fertilizing value of one ton seed $17.16 


This is equal to 25.8 cents ])er hushel. 

The value of cottonseed as fertilizer has been presented along 
with the cost of ordinary fertilizer m.iterials and a complete fer- 
tilizer, because the seed, if sold from the farm, w'ould ha\e to he 
replaced, to a considerable extent at least, by these materials for 
the farmer to use in mixing, or else by a complete fertilizer. This 
is, perhaps, the best w'ay to convey an idea of w^hat it will recpiire 
to replace the seed, if disposed of, and e\ery farmer should calculate 
wFat it will cost to bring back to the farm fertilizer mateiial of eijiial 
value to the seed before deciding on the [irice at w'hich to sell them. 

Some Fertilizer History.— In i8()6 Col (leorge W Scott of 
Atlanta, a manufac tuna' of commercial fertilizers, decided to use 
(ottonsc'c'd-meal as a substitute for other ammoniates in use at that 
time, lie knew' that m Fngland rapeseed-meal had gi\en good 
results m similar use, and coikIikIcmI to tr\ cottonseed-mcxil in his 
goods. He ordc’red from New' (frleaiis a lot of the* cake, w'hieh, after 
breaking and grinding in a corn mill, he manipulated with dissohc'd 
bone, adding some potash and also some sulphate of ammonia, thus 
forming a high-grade fertilizcax Col. Scott thinks that this was 
the first cottonseed mead twer usc-d as an ammoniate for commercial 
fertilizers. Tn the fall of i87() Ik* estabhslu'd a fertilizer works at 
Atlanta, Ca., writing fiom there to Col. Nelson, w'ho owned an oil- 
mill at Montgomery, Aki , asking him for a jirice cui 300 tons of 
cottonseed-meal for early shiiiment. Col. Nelson replied, stating 
the jirice and jiis abilitv to ship, but aebised Col. Scott that if he 
bought the ([uantitv named he w'ould certainly o^erstock himself, 
and suggestecl that the shi[)ment had belter be distributed o\er sev- 
eral months, as the oil-mills had newer sold so large a c[uantity to 
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any interior dealer, the meal prior to that time going for export, as 
stated. 

From this small beginning, of about 20 tons in TcS66 and 300 tons 
in 1877, the use of cottonseed-meal as an ingredient in commeicial 
fertilizers has grown to enormous proportions. 

Col. Scott says. “The farmer by its use enables the millman to 
pay a better price for his seed and get^ the safest and l)est high-grade 
fertilizer on the market when properly manipulated.” 

When it began to be realized that cottonseed-meal had such 
great fertilizing value its use as a feedstuff became relatively less 
important in this country. The (}eimans and other foreigners 
realized its great feeding value, and the\ continued to buy largely 
for this ])urj)ose. But about 1885 the agricultural colleges and other 
chemists began to decote a great deal of study and expeiiment to 
the sulijec t of the fec'ding xaluc'sof c()ltoi>ec‘d-meal. A hirge number 
of liulletins were issued on this subject, also calling attention to the 
feeding \alue of c ottonsecal-hulls in combination w'ith meal. 'Fhc 
hulls had foimerly been thrown away or used as fuel to operate the 
mills. It was shown that the feeding \alue of hulls jica ton was as 
much as hay, while the fuel \alue was about one-third that of coal. 
Hence, with hay at $10 ])er ton and coal at $4 ])er ton, it was eight 
or ten times more sensible to feed hulls than to liiirn them. 

The most startling discoxery about the feeding of cottonseed-meal 
is that the systematic feeder can actually obtain full \alue of his 
cottonseed-meal as a feed and then get another full value out of it 
in the shajie of cattIe-dro[)pings as a fertilizer. This discovery, 
though widely adeertised by the agricultural experiment stations, 
is now' not half appreciated by the Southern farmers. It means 
that w’hile cottonseed-meal is at its present [irice there is 100 per 
cent, profit in its systematic consuinjition on the farm * 

* Christopher Fitzsimmons, President Interstate Cottonseed Crushers’ Association, 
1904. 



CHAPTER XII. 

RULES FOR THE GOVERNMEX'I' OF TR \NSAC riONS IM 
COTTONSEED RRODCCI'S + 

Cottonseed-oil Soap-stock (’ottonseed-( akc (k>tt()n^ee(l-nical ('otlon- 

seed General Rules iUi\ers' d'anks d'lmc ('ontr.icts Claims. 

Form for Claims Samj)Ies Aihitialion .NLasuremint 

Cottonseed-oil. Measurrmrnl. Rule i. A tank (lank-cur) of 
coltonsec'cl-oil for contract |)iii])oscs shall be 12:; barrels, ddu'ik- 
cars must have shell capacit) in ^c'allon^ at 70° Eahr. markcal on 
each c'lid in plain letters not less than six inches lonps and sellei in 
filling tank-car should keep lecoicl of temperature at lime of filling, 
and exact distance between md le top of dome <in(l surface of clear 
oil in tank, and in case of reclamation on account of weight bu\er 
must show similir statement <it time of receipt of tank, duly swoin 
to and accom[)anied by certilicate that the car had been carefull} 
examined before and after unloading A bariel of oil, if sold loose, 
E 50 gallons. A gallon of oil is yt pcwinds a\oiidupc)is 

2. Crude cotton-oil ma} be sold either loose 01 in barrels, as 
agreed betw'cen the seller and buyer. If in bairels they shall be 
good new iron-bound baiic'E, properl} silicate 1, or thoroughly 
steamed and cleaned lefmed-petroleiim barrels. Packages must 
be in good shipping order, and contain ncA les^ than 48 gallons 
each, pro\ided that the aggregate of delueiw on any sale shall csjual 
50 gallons for each barrel sold. On deluery of other than abo\e 
barrels, an allowance of 50 cents per barrel shall be made by seller. 

3. Settlements of contracts for lefined cottonseed-oil shall be 
made on ’the basis of 53 gallons to the barrel. Packages for 

* \s amended .md adopted bv the InliTstati* (^)tton^(ed Cru'iher^’ Xs^oiiation 
at the annual meefin^ .it Meinpliij^, 'I\nn , Iiil\ j(), 27, Old Point ('omfort, Va , 

June I}, IV iC), Kjoo, New C)tle.ms, Ma\ 14, iv iCi, i()oi, D.ill.is, \i)ril 2S, 2i), and 
30, 1902, Mempho, Tenn , Ma\ 2(), j;, jS, n^ov-md St f.ouN, |uik (>, 7,8, i()0|. 
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refined oil mubt be j^ood, hardwood, iron-bound barrels, new or 
thoroughly cleaned refine l-od barrel--, painted or varnished They 
must be delivered in good Tripping order and shall not be under 
50 or over 60 gallons each in case of ( elivery. On deli\ery of ])ack- 
ages other than as above, an allowance not exceeding 50 cents per 
barrel shall be made by seller. Tares shall be tested, if rei pared 
by either buyer or stdler, by emptying four barrels of each 100 iur- 
rels, to be taken indiscriminately from the lot. Allowance shall be 
made for difference in tares in excess of one perund per barrel. 

CldSiijica/ion. — Cottonseed - oil shall be classed and graded as 
follows : 

4. Prime summer \ellow must be clear, sweet in flavor and 
odor, free from water and settlings, and of no deeper color than 
35 \ellow and 7.1 rc\d, on Lo\ibond’s eipnvalent color scale. 

“The color examination shall be made a^ follows. The oil is 
placed in a ])ure wliite four-ounce sample bottle; the dejith of the 
oil in the bottle shall be 5*1 inches. Tdie bottle shall be placed in a 
tintometer which i-. jirotected from any light except rellected white 
light, and the reading made at the tenpierature of aliout 70° Fahr. 
If the oil is of a deeper color than the glass standard, 35 yellow, 
7.1 red, it shall not be prime.” 

5. Choice summer yellow must be sweet in llavor and odor, 
clear and brilliant in appearance, and free from moisture. 

(). Off summer )ello\\ shall be free fram water and settlings, oil 
in taste and color, an I shoul 1 be sold b\ sample. 

7. Prime eVi/c/c. - Cr ale cottonsee 1 - oil to pass as prime 
must be made from sound decort cated see;l, must be sweet in llavor 
and odor, free from water an I settlings, and must produce prime 
summer yellow^ grade by the usual relining methods wath a loss in 
weight not exceeding c) ])er cent. Procided, that an\ oil that relines 
with a greater loss than 9 per cent., but still makes prime summer 
yellow grade, It shall not be rejected, but shall be reduccal in price 
by a corresponding jier cent, of the contract jirice of the oil. 

8. Choice crude oil must be made from sound decvirticated seed; 
miwt be sweet in llavor and odor, free from water and settlings, 
and test not over i jier cent. F. F. A.; shall produce, when properly 
refined, choice summer \ellow oil at a loss in weight not exceeding 
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6 per cent, for Texas oil imd 7 \)l'V (cnt for oil from all other parts 
of the coantry. 

9. Ofj Oil . — All oil neither choice nor |)rime shall be called “ OiT” 
oil, and should be sold In s.imple When off oil is sold on samjile 
any oil tendered shall be e(|iial to sample, but if it should refine at 
a loss e\(e(‘(]in^r the loss of tlu' sample' by not o\(‘r 2 per tc'iU , but 
otherwise eiiual, it is still a Ltood lender at a rediued price in jiro- 
porlion to the excess loss. 

The buyer shall ha\e the ii^Ltht to reject the oil outriiflit if it tests 
bc‘\ond 2 ])ercent reliniiyi^ loss as c om|)ared w ith the sa!c‘ sample. 

Soap-stock. — 10. All sales, unless otherwise a.t^reed upon by buyer 
and seller, are sold on a basis of 50 per cent, fatty iUid, not to fall 
below 40 per cent. If containing Ic'ss than 40 per cent, of fatty 
acid, soap-stock shall not be considered merc'hantable. Delivery 
to be made in irondjound hardwood packa<.^es or tank-cats. 

II. A contr.ict tank-c*ir of soap-stock shall be 50,000 jiounds, 
unless otherwise specilic'd. 

Nothinp^ in this rule' shall be interprc'tc'd to fix the' amount of 
draft to bc‘ drawn against shijimc'nts of soap slock 

Cottonseed-cake. — 12. A ton of cottonseed-cake is 2240 pounds, 
unless otherwuse agreed. 

13. Cottonseed cake shall be graded and classed as follow’s: 

Choice cake must be bright yellow' m color, sweet in odor, soft 

and friable in texture, not burnt m cooking, free from excess of 
hulls, and must jiroduce, when properly ground, a bright meal of 
dcep-canar) color. 

14. Prime cake must be of good color, yelkwvish, not brown or 
reddish, “^wa-et in odor, firm but not Ihnty m texture, free from ex- 
cess of hulls, and must jiroduce, when jiroperly ground, a prime 
meal. 

15. Ofj Cake. — Ml grades of cottonseed-cake which arc dis- 
tinctly olT’in color, taste', cw odor, or which ha\c' be* 12 improperly 
ma nufacturecl so as to incorporate in then a \ery large percentage 
of lint and hulls, or to iiroduce an exccedingl) hard, Ihnty texture. 

16. Cottonseed-cake, unle-^s otheiwise specilied, shall be packed 
in good, strong, sound Dundee bags, either new’ or second-hand, 
at the o[)tion of the seller, unless specilied m contract. lackiigcs 
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must be well sewed and in good shipping order and bear a shii)ping- 
mark or a brand. 

In case of shipment of carload lots or over, the official port 
inspector or some public weiglna*, after dehcery to buyer, may re- 
weigh the shipment (but if cseighed on track scales actual gross, 
tarc‘, and net weights must be gi\en),and certificates so taken, and 
properly sworn to, shall (htermine weight in all eases where cake' is 
sold “delicercar' or “weights guaianteed at destination,” or, in 
case* of loss in weight, the expense of weighing shall be paid by the 
sellc'r; but in case the weights are found to bc' (oireit or under- 
weighcsl, the cost shall be paid by the buver, and the sc'ller shall be 
paid for the exiess weight so detc'rmmed. 

Cottonseed-meaL—iy. A ton of cottonseed-meal is 2000 ])ounds, 
unless otherwise stated. A sack of coiton->eed-iTieal is joo pounds 
gross weight. 

Cottonseed-meal shall be classed and graded as follows 

18. C//c>/rc -'-Must be the product from choice cottonseed-cake 
when finely ground, must be perfectly sound, sweet, and light- 
yellow color fcanar\ ), free from exce^^ of hnt and hulls. Anal} sis 
must shou at least 8 per cent, of ammoni<i. 

19. Prime be made from prime cake, fineh ground, of 

sweet odor, reasonably bright in color, yellow, not browai or reddish, 
and free from excess of lint or hulls, and b\ analysis must show at 
least 8 per cent, ammonia for meal Irom d'exas and the Mississippi 
\kille\ , and yf pc-r cent for meed from the' South Atlantic States. 

20. 0 //. — \ny cottonseed-meal which i-' distinctly delicient in 
any of the recjuire aients of jirime (piality, either in color, odor, 
texture or analyst, or all. 

Wdu'ii off meal is sold b) samjilc', deluery shall eipial sample* in 
e\cr} rc-spei t exc c'pt in ammonia test, and shall not be rejected if 
the meal delicered tc'sts not more than one hall of one pc'r cent less 
ammonia th.in the ammonia test of the* sample sold by, biit shall be 
reduced bv a c orre-spondmg per cent, of the contract jirice: other- 
wise it can be* rejecte 1 outright 

21. Cottonseed-meal shall be jiacked in goo I sound cental 
or laplata bags, either new or second-hand (except wdiere other- 
wise stipulated for packages designed for export in kilo or other 



HrLhS I'OR lllh U)VLR\\IhXr OF TRAXS \C'l lOXS. 229 


bags), 100 })()un(ls gross weight, whirli must be well sewed and in 
good shi[)ping order and bear a ship])ing-mark or a brand. 

On shipments of carload lots or o\er the olluial port inspec- 
tor or some public weighc'r shall lune the right to open cars after 
delivery to buyer and take at random theredrom and re\\c'igh a 
niimbca* of the bags ecpial to 5 per cc'Ut. of the entire numbei m the 
car, and upon the basis c)f wc'ight so ascertained, and properly 
sworn to, tlie weight of the entile Ctir shall be determinc'd, and, in 
case a loss is shown, the exjiense of weighing shall lie jiaid b\ the 
seller. 

Should the whole 01 an_\ jiortion of a shipment of meal or c.ike 
not turn out CMjual to thc‘ contract cjualit}, the bu\cT shall takc‘ deliv- 
ery at .in .dlowancc' to bc' li\c‘cl b) aibitration, but if an\ jioition 
diall be adjudged not to be within Si 50 per long ton of thc‘ value of 
contract (|ualitv, ihc' buver sh.ill have the option of rejecting anej 
invoicing b.ick such poition at maiket price of the c|uahtv contractecl 
for on the ckiv c)t the rejection, the market ])rice to be deeidecl by 
the' arbitrators 

Cottonseeci. — C 7 </ss//n(///e;L -("otloiiseed shall be divided into 
two classes Ih'ime seed and Olf sevd 

22. Prime Seed -Sh.dl be clean, drv, sound seed, frc'c' from 
dirt, trash, and bolls. 

2 p Of/ Seed - -Serd not coming up to the rec[uiremcnts of {uime 
seed shall be considered off seed. Off or damaged seecl shall be 
settled for on its merits and compar.itive value as against value of 
standard jirime seed. 

General Rules. -In the event of a difference between buyer 
and seller as to weights, the same shall be settled by the svvorn cer- 
tificate of a ])ublic weigher at the point of destination. In the case 
of oil a certific.ite must be furnished showing the condition and 
thorough emptving of tank and connectmg-pipes if weighed on tank- 
scales; btherwise gross, t. ire, and net weight shall be furnished, the 
expenses being divided eciually. 

24. All offers, sales, or purchases of cottonseed-oil (or other 
cottonseed products) shall l)e understood, unless sjiccificd to the 
contrary, to be f. o. b. cars at the mill, weights and cpiality guar- 
anteed at destination when received in original package in good 
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order; loss or damage ])y accident or wreckage in transit to ])e at 
biner’s risk. Unless speeially stated, oil shall be considered as 
sold loose, and buyer shall furnish tank-cars. 

25. All sales of cottonseed ])roduc1s, unless otherwise specified, 
shall be for (ash, payment to be made by resident buyers, on presen- 
tation of invoice c\ ith railroad ticket signed, or bill of lading attached, 
show ng delivery of goods to the earner in good order. Any tender 
of a grade of oil-meal or cake better than the grade sold shall be 
deemed a g(/od deb\er\. 

2O. Pavment of non-rc'sulent buyers shall be by sight or demand 
draft, with \ of i per cent, twchange ^Mth bill of lading attached, 
showing delueiy of goods to the carrier m good order unless other- 
wise agreed 

27. When goods are delivered to the carrier as agreed, whether 
in \\hole or jiartial completion of trade, ])a}ment for same shall 
become due, if ])resented during banking hours; and all risks belong 
to the bluer. 

28. On all sales of coltonsc'ed jiroducts to or through regular 
brokers the seller shall pay the brokerage, unless otherwise s^iecially 
agreed. 

2(j. When a trade is closed with or through a broker it shall be 
understood that his fee has been earned, whether the goods are 
finally deluered or not. 

30. On all trades by telegraph, day messages reijuiring day 
answers shall b(‘ ojien until 12 midnight of the day on whuh sent. 
Night messages sh.dl be open until noon following the night on 
whuh sent. Uhe lime when telegrams are filed in telegiapli offii e 
sending same to govern, and this rule to apply only wUen no specific 
time is stated m the original olfer. 

31. Rules governing trades in cottonseed [iroducls are only 
ajiplicable in the absence of a sjiecific written contract slating 
special conditions, but either part) to a trade may demand a formal 
written or printed contract as soon as the trade is completed. wSuch 
contracts, unless sjieciallv excepted, being subject to all the rules 
of this Association. 

32. All trades in cottonseed jiroduets shall be either immediate, 
prompt, or specifical dates of delivery. 
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(1) Ini lie hciti' shall be ^\ilhl^ fue woikin;^ days. 

.(2) Proiipl shall be wilhin leii AMirkinti; (la\s. 

(3) Spei ilie 1 (lale> accordiivji; to (onirac t. 

(|) U Is und( rslood that this rule does not refer to or in any 
way alUd the sales ol oil in biuers' tanks 

In all eases the bill of ladini; shall be tn idenc e of date of shipment. 

Buyers’ Tanks. 33 Jn ease the bipier futnishes tank-c.ii-., shpe 
inentb of same by bn^eis shall be as follows, 

(il (Jnuk shipment of (‘m[)t\ t<ink-(.iis shall be within two 
worknp3 da\ s. 

(2) Immediate' shijiiiK'nl of empl\ tank eais shall be* within 
five workiipi^ da}s 

(3') Pronij)! shipment of empty tank e<irs shall be within ten 
workiipi^f da)s. 

(4) Specif ed shijiments; tank-eais shall be forw.irded b} bu\er 
in suth time that, in the ordinal) course ol transport. ition, tlie tank- 
cars shall reach seller in time' to <dlow' him to make deh\ei\ as per 
contract. In ease the bu\er does not fuinish ta.nk e<iis as speeilied 
abo\e, the seller, on arrual of the tank-eais at his mill, .it his own 
ojition, may or m.i\ not fll them, but in ease' he does, sh.dl be' al- 
low'ed to ehapd' the* bluer S2.00 pe'r day for each tank-e.ir fa e\ery 
d.iy's (k'ku bexond the exjiiration of the eontraet time of shipment, 
but he must declare his intentions in this repnird wathm twent) four 
hoiiis afte'i expiration of the eontiaei time, pio\ ided that this $2.00 
per da) is a demuriMin' ehar<^e onl), and that nothinp^ in this rule 
may be t.ike-n to limit or inteifere with the nights of eaneellation or 
limit the measure of damatfe under the contract. But in e.ise it is 
shown th.it the tank-iars were shipped m due' time as spccifed 
aboce, and delaxed en loiite, the sellc'r must till them, charpunp^ the 
bluer $2.00 per day ])ei tank as speeitic'd above', and buyer must 
aecc'jit them under the eontraet. ddie railroad records to pnwern 
as to time of shipme'nts and time of delueries of tank-ears. In case 
a tank-ear is disabled or lost another tank-car is to be forwarded 
promptU 1)) bluer to take its place, it bein'!; understood that the 
arrual of lank-cars at the towm where mill is located shall constitute 
clelu c'ry as spec ilic'cl above. 

3]. If more than one tank-ear is to be furnished for the same 
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(Iclncry iirulcr one Iransiclion, the Ih^l car only shall be shipped 
as a])o\e, and the balance shall follow as rapidly as the seller cun, 
’with certainty, load the same. 

^:;4. Tar. 2. Seller shall in all cases load tank-cars within forty- 
eight hours of arrnal at destination, and to their full capacity whtm 
within contract re(|iiirements. 

34. J\ir. 3. In case tlie seller docs not load tank-cars withu\ 
forty-eight hours after their arrival at the mill he shall pay the l)uver 
$2.00 per day for each tank-car for e\ery day’s delay beyond the 
forty-eight Itotir^. In this case destination means mill when within 
free switching limits of the town where mill is located. The con- 
verse of this rule shall apply to buyers handling other tank-cars than 
their own. 

'I'ank-cars dc'la^ed during settlement of dispute h\ arbitration 
or otherwise shall be subject to demtinagc' at thc‘ rate of S2 00 jier 
(lav le^s the customary unloading time' of forty-eight hours, the 
part^ in error to })<i\ the' demurrage 

Seller shall in all cases insjiect tank-c.iis and clean them if 
nccessar}, at the expense of the buyer, charging only actual cost 
for same. 

Time Contracts. — pv When a time contract i-. made' for any 
onc' of the jiroducts of a null, with a date' specihc'd for the expira- 
tion, and the epiantity or (|ualit\ or both are not stipulated, it is 
undc'rstood to be for ,dl thc' possible output of the particular jiroducts 
named, that can be made fre^m sc-ed worked up to midnight of the 
last da\ nameel m the ceentr.ict, the whole to be put in iiioper con- 
chtieen feir shipmc'iU as speedily as possible after the date of ex[)ira- 
tion e)f contract. 

3(1 In all time contracts it is understood that the null is to run 
to its full capacit\ and to use evc'ry means known to jiroduce goods 
of the (juahty stijiulated, when so named, and if failure to do either 
or both of these apjiears intentional, then l)oth actual and .couse- 
(luential damages may be awarded by the Arbitration Committee. 

In case null burns, thc contract is \oid, proxided, howc'\er, that 
finished products on hand at the* time of the lire', coxered by exist- 
ing contracts and not burned or d, imaged, shall still appl\ themon. 

Claims.- 47. \ll claims against shipments of cottonseed prod- 
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nets must 1)C made wilhm fixe da}s after their arri\al at Amei a an 
poiut of destination f('\(c])t daims for demurra^n* on t<ink-tam, in 
which case thirt\ days shall be cdlowed in which to Tile daims), 
except a product for e\])ort, m which came twenty da\s shall lie 
allowed after ariabal at Ameiu.in ])omt of dc'stmation. 

38 No claim from any forei‘i;n market will be ren ojj;n!/A'(l unlc-.s 
the proper samples of the j^oods are takem <ind preseiwed prcMoim 
to their leaving the Vmerican shore, unless samples are diawn 
before u'mo\al from h 'ei^n dock, and sample's takc'ii according 
to the rules <ro\ermn;^ samples d'his shall only appl\ to ship nents 
on throupdi bills of ladm<r 

3(). All claims to be biou<)^ht bc'fore the coumittee of this asso- 
ciation must ])e accompanu'd b\ an aHicLuit from a rdudjk- parly, 
substantiall\ in the following form, describing and identifving the 
samples submitted as taken liom and ikoily representing the entire 
slupmeiit. 

Form for Claims- 40. 1, the unde migned, do heieb\ make 

aiVulaMt that 1 ha\e diawn fair and tiue samjiles fiom 

package of being not less than pc-r cent of the 

entile inimlier of ])ack.iges embraced m a shipment made' I)} 

from as ecidenced ])\ bill ol lading daU'd and 

issued b\ 

'kiie samples were carefull} takc'n so as to sea ure a fan U'pre- 
scntation of the contents of the incli\idual package' and a tiue aser* 
agc' of the (jualit) of the c'ntire siupment. 

I certifc to the coriectness of the' samples which aie maiked as 

follows and which reprc'sent the shipment maiked or 

idc'ntifiecl a^ follows 01 contained in Swenn to 

befoie me, a Notaiw 01 J. V ol and State of and 

dul\ aiithori/ed b\ law to take depositions, count} and 

State of and cluK authoiizc'd b\ law' to take depositions, 

this . . . da\ of i(). .. 

Samples. 41. S.imples lepiesentatne of any shipiuent of cotton- 
seed proclucl,s, to secure the olTicial recognition of this Association or its 
committees, must lie sc'ciired in substantially the following manner. 

42. Oil . — Jf in tank-cars at least two gallons must be taken 
Well down in the boch of oil, iind from this one-gallon sample shall 
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be drawn and i)laced in a i)eifeclly clean tin can, which shall be 
securely fastened up, without the use of sealing-wax, and carefiilly 
labelled so as to guarantee its identity and correctness, and for the 
Use of the Arbitration Committee. 

In case of contention and when agreed samples are not furnished, 
the Arbitration Committee may con->ider samples furnished by 
both the seller and bluer; lareful attention being given to prop,- 
erly sworn statements as to the manner of procuremc'nt and identi- 
fications of the samples furnished. 

43. // ui Barrels , — A regular four-ounce sample bottle shall be 
filled from at least 10 per cent, of the barrels, selected at random, 
each sample to be from a separate barrel, and so taken as to rcgirc- 
sent Its entire contents. Each sample so taken shall be sealed and 
labelled as punicled cd)ove. 

44. Cdkc \ — Sample pieces not less than three inches sc|uare 
shall be taken from at lea^t 5 per cent, of the packages in each car- 
load or in the entire lot if not ship[)ecl in car load lots, which pieces 
shall be wrapped in such manner as to kee[) each lot separate and 
distinct and fairly reprc'senting the shipment from which taken. 
The^e samples shall be sealed and labelled so as to thoroughly identify 
them and the shipment i\hich they represent. 

45. Meal . — Two ounces or more from a sack shall constitute 
a sample of meal and must be drawn so as to fairly rcgirescnt 
the entire contents of the bag. 'Fwenty samjiles from each car- 
load, or fifty sacks from each 100 tons, if not shipped in cardots, 
shall be suffu ient to represent a shipment. Se])arate samples 
of meal should be well wra[)ped in hea\y paper, sealed, and 
labelled, so as to identify them and tlie shijiment they rcgirc- 
sent. Samples of meal, if of approximately the same grade and 
cjuality, need not be kept separate, but may be commingled, in 
which case they must be placed in a metal mailing- or sample-box 
and carefully marked, showing the number of sam^iles taken, as 
well as car number and mark. 

Provided, that where large lots of cake or meal are involved, 
representative samples taken practically as herein jirescribed, not 
less than five pounds in weight for cottonseed-cake, or two pounds 
for cottonseed-meal, shall be deemed a com])liance with these rules. 
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46. S()ap-slo(k. — When in tank-cars, samples shall he (lra\\n 
frnni llowiiv^ stock at lei^iilar inler\als as tank is bein^ loaded in 
the presence of the representatixe of tlie seller, as ])ro\ided in Rule 
47. Samples shall he taken in the .ipproxiniate proportion of 2 
pounds to each 10 harreh, and a thoiou^^h mixture made of the 
same. From this mixture' ihiee 1 jiound samples shall he taken, 
xvhuh shcdl he hermetualU sixded in can or M<ison jai with luhher 
gasket, ddie first to he foiwaided to the huyer, the sc'cond to he 
retained hy the seller and tc'sted hy his chemist, and the third to he 
retained intact, hermetically sc'alc'd and prc)[)erly marked foi idc-n- 
tilicatioii hy the sellc'r. ff imjiractic ahlc* for the huyer to he lejire- 
sented when samples are drawn at the null, samples shall hi' clrawn 
by the buyer at destination in the presence of a rejiresentatix e of 
the sc'ller or bv a public inspector. In the event of dilference in the 
test between thc' seller’s chemist and the buyer’s chemist, the third 
.sanijile shall he ^uhmittc'd to a disinterestc'd chemist to he* agrec'd upon. 

If in hanels, sam])lc's shall he drawn with a trier from each and 
every hairel and a gallon sample from the mixture, which sh.dl con- 
stitute the test for the lot, samples to he drawn from tanks or har- 
reh hy saiujiler. 

47. Par. T. Sanijiles shall in e\ery case he drawn in the' piesence 
of representatives of both buyer and seller, h\ rehalile part) or parties, 
xvho shall make affidavit as Drescrihed In these rules in the “I’oim 
of Cdaims.’' 

47. Par. 2. If the seller refuses or neglects for forty-eight hour-, 
after notif cation to a])pear in person or ajipoint a lepresentative to 
draw the samples in the iiresence of the huyer or his reiirescntative 
for arbitration, then the huxer may appoint any disinterested person 
to draw such sam\)les. 

47. Samples clrawn and presented to the Association, with all 
expenses paid in accordance with the above reciuiremenls, and 
with the prescribed form and agreement attached, shall he considered 
suffeient evidence for iirhit ration. 

Where ‘claims are made and not sustained, thc claimant must 
pay all the expenses incurred. 

Arbitration.--48. Par. 1. Arbitration may he held at New York, 
Memphis, Atlanta, New Orleans, Chicago, Dallas, or Calveston, 
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as agreed by the parlies at difference, and, in case the} cannot agree, 
then as determined by the Secretary of the Association. At the 
above-mentioned jioints and all others where application is made 
from not less than ten memliers, and if in his opinion it is adc isable, 
the President of the Association, as soon as concenient after his 
election, shall appoint a Permanent Committee of Arbitration, to 
consist of fi\e members, any three of whom sliall constitute a (|Uorum 
for the transaction of business. Eacli committc'e sliall meet, upon 
call of its chairman, as often as is necessary for the prompt dis- 
patcli of business, <ind as compensation shall receicc-, for each such 
meeting, a fee of S35, to be di\ided as later jinwided, together with 
tracelling and hotel expenses of the members aduall} in attc'iidance 
and sercing, which fc-e sluill lie dicidc'd e(|ually <igainst losers in 
such cases as may be acted upon at c'ach meeting. 

48 I’ar 2. I'he jiaitc demanding the ai bitr.ition, at the time' of 
the demand, and the other ])art} u])on consenting to it, shall dc-posit 
with the Secretaiw of the Association a fec' of 8:;o, of which, in case 
of loss, theie shall be jiaid lor each case 810 to the .\ssoc lation, 83 
to the peimanc’nt chairman of the C'ommittee of Arbitration, wliuh 
shall be in addition to his rcgulir propoition of the committee’s 
fec of $3S, winch amount shall bc' dnided ecpiall} bc-tween the 
member'' of the committee' .ictuall} scawing on the' case and the 
expenses of each sc'iw ing member, the balanc e, if an} , to be refunded. 

48 Par 3 Xo person. d appc'arance will bc' jic'imittc'd bc'fore 
the Aibitration C'ommitlec c'xcc'pt upon the unanimous leipiest of 
the committee, before calling the Arbitration ('ommitte'e together 
the Secretaiw of the \ssoci.ition shall procure' from c'aeh ])art\ to the 
arbitiation an agreement in writing te .diidc' b\ the' decision ol the 
Aibitration (’omnnttee, and to pa} imme‘diatel_ the' amount of the' 
aw ard, 

48. Par An ajipeal to the Exeeutue C'ommittee from the 
dc'cision of the Arbitration C'ommittee mac be had b} either jiaity 
U]Km writtc'ii notice* within li\e d<i}s m ease's where the awaid is o\er 
$300. 'Phe ])arty making the apjieal shall deposit with the Seere- 
tarv of the Association the* full amount of the award, plu,s .850, to 
co\er expenses of the a])peal. 

48. I’ar. 5, fn cases of an apjieal the Secretary shall call the 
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Excciui\c Commillce and the majority of tiicm shall (on- 

stiUitc a (jiiorum, and cadi member serving shall reeeiw $io and 
his tra\ellmg expenses to and from the place of meeting, d'he loser 
shall pa\ all exjiensesof the arbitration and the tra\elhng expenses 
of the arbitrators. 

|8. l\ir. 6 Sh(Hild a member fail or refuse to submit to the 
demand of another memlier for arbitration or dela\ or obstiiu I sudi 
deman(K for fixe da\s after proper notuiy the chan man of tlie Vn- 
manent Committei' on >\rbitrati()n, upon reieipt of sudi (oniplaint, 
sliall proceed at onee to satidy hmiH-lf as to the facts, and these 
being satisfaetory shall immechately proceed with the- arbitiation 
ex ])aite, and the decision so rendcTed shall be of full fom’ and 
el feet. 

^8 Par 7. Should an\ memlier refuse or deli) for thicc' da\s 
to pax in full an) axxard of the \rbitration C'ommittc'e, the other 
membeis to the' arbitration max report ihc' matter to the- chairman 
ot the [I'rm.iiu'nt ('ommittc'c of \rbitiMtion, xxho shall <it om e pio- 
ceed to sitisf) himself as to the' correctness of the comjilaint, and if 
contirmc'd sliall at once notil) the Ih'esidc'nt of the Association, xxho 
shall immediatelv, thiough the Sc'cret.ir), demand of the j)<irl) ,it 
fault pa)ment, and if such payment is not made xxithin thic'c days 
therc'after the member shall be immc'diatelx exjielled fiom the \sso- 
(iation, and the' President, oxer his sigmiture, countc'isignc'd xxilh 
the Sc'c retaix's, shall so notif) him and at the' same time', and in the 
same manner, issue a c irc ular letter to exer) member (»f the .\sso- 
(latioii nc'tifxing them that such membc'i has been expelled Iroin 
the Assodation for not confoiming with the proxision of Rule |8 
Anv memlier so expelled shall not ag<iin become a memlier of 
this \ssx)cialion until such claim shall ha\e bc'cn satisfied m full, 
and then onlx upon a majorit) xote of the e.xecutixe committee 
^8. Par. 8. All expense of arbitiation shall be borne In part) 
agaiu'^t xxhom iiwaid is made. 

48, Par () Should anx buyer or seller incorjiorate m an) con- 
tract of jiiiichase and sale conditions looking to the adjustment of 
differences that ma) aiise under it by ain other tribunals than those 
proxidecl b\ this Association and existing under and goxerned by 
its rules, It is imdc'istood that such contract is made and accc[)ted 
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entirely independent of tliis Assoeiiition, iind diffcicnces ^\l\ich nri'^c 
under it shall not be subject for its consideralio i or arbitration. . 

49. In case cf differences b'ctween menibeis of this Association 
that cannot be amicably adjusted promptly, ‘‘amc shall be settled 
by arbitration upon the a])})lication of cither, and the Seei clary 
shall call such arbitration at such jilacc as he deems liest 
promptly upon notice of siuh recjuest. Any member refusing to 
arbitrate for five days after such has been demanded, or failmj^ to 
pay the award of an arbitration committee within three days after 
having been notified of it, shall lie expcdlc'd from the Association by 
the E\ecuti\e Committee upon iiroper complaint, and every mem- 
ber of the Association notified by the Secretary. 

Any memlier with \vhom an arbitration is demanded shall not be 
allowed to resign before all matters in (piestion are settled; the Sec- 
retary to gl^ e all notices reipured undc^r this rule by registered mail. 

Measurement. — 5*^ Rule for determination 01 gallons from 

weight of oil at different temperatures: 

A gallon of cottonseed-oil at 70° Fahr. w'eighs 7.65 pounds. 

For each Fahr. degree above 70° deduct .003 iiound per gallon. 

(Example: Oil at 80^ Fahr. (io^X.003 : .03) w'ould weigh 7.62 
pounds per gallon.) 

For each Fahr. degree below 70° add .003 pound per gallon. 

(F.xample: Oil at 50° Fahr. (20^'<.oo3 : ,06) would w’eigh 7.71 
pound" per gallon ) 

T,h) arri\e at gallons of oil in tanh-iar, divide the net weight 
of the oil by the factor obtained as above. 

(Exam])le: Net weight oil m tank, 46,000 pounds; temiHTaturc 
oil in tank, 50"^ Fahr.; i gallon eipials 7.71 pounds; 46,000 pounds 
divided by 7.71 gallons ecpials 5966 27-100 gallons.) 

Cottonseed-hulls. -51. (1) A ton of cottonseed-hulls shcdl be 

2000 ])ounds. 

(2j A car-load of hulls for contract purjioses shall be the minimum 
w'eight fixed by the railro.id tariff jirev ailing at point of shipment. 

(3) All claims against .shipments shall be as pertaining to all 
other cottonsc’cd jiroducts. 

Cottonseed Linters.— Cottonseed linters shall be governed in 
sale by special contract. 
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Electricity: Experimentally and Practically Applied i2mo, *2 00 

Ashley, R. H. Chemical Calculations i2mo, 2 50 

Atkins, W. Common Battery Telephony Simplified . . . iimo, 25 

Atkinson, A. A. Electrical and Magnetic Calculations 8vo, *i 50 

Atkinson, J. J. Friction of Air in Mines i6mo, 0 75 

Atkinson, J. J., and Williams, Jr., E. H. Gases Met with in Coal Mines. 

i6mo, 0 75 

Atkinson, P. The Elements of Electric Lighting i2mo, i 50 

The Elements of Dynamic Electricity and Magnetism . i2mo, 200 

Auchincloss, W. S. Link and Valve Motions Simplified . . 8vo, *i 50 

Audley, J. A. Silica and the Silicates 8vo ( /« Press ) 

Austin, E. Single Phase Electnc Railways ... 4to, *5 00 

Austin and Cohn. Pocketbook of Radiotelegraphy. . (In Press ) 

Ayrton, H. The Electric Arc 8vo, 5 50 

Baff, W. E. Sale of Inventions iimo (In Press) 

Bailey, R. D. The Brewers* Analyst. . . Svo, 00 

Baker, A. L. Quaternions 8vo, 1 50 

Thick-Lens Optics .. ... ... lamoi *i 50 

Baker, Benj. Pressure of Earthwork .... i6mo, 

Baker, G, S, Ship Form, Resistance and Screw Propulsion. . Svo, *4 5 ® 

Baker, I. 0 . Levelling . i6mo, 0 75 

Baker, M. N, Potable Water. . ^ i6mo, 0 75 

Sewerage and Sewage Purification,. ... i6mo, 0 75 

Baker, T. T. Telegraphic Transmission of Photographs . . .i2mo, 

• (ReprintiH'j ) 

Bale, G. R. Modern Iron Foundry Practice. i2mo. 

Vol. I. Foundry Equipment, Materials Used *3 00 

Ball, J. W. Concrete Structures in Railways Svo, *2 50 

Ball, R. S. Popular Guide to the Heavens 8vo, *5 00 

.Natural Sources of Power 8vo, 2 50 

Ball, W. V. Law Affecting Engineers Svo, *3 50 

Bankson, Lloyd. Slide Valve Diagrams i6mo, 0 75 

Barham, G. B. Development of the Incandescent Electric Lamp 8vo, 2 50 

Barker, A. F. Textiles and Their Manufacture . 8vo, 2 50 

Barker, A. F., and Midgley, E. Analysis of Woven Fabrics 8 vo, 3 50 

Barker, A. H. Graphic Methods of Engine Design i2;no, 2 00 

Heating, and Ventilation 4to, g 00 

Barnard, J. H. The Naval Militiaman’s Guide i6mo, leather i 00 

Barnard, Major J. G. Rotary Motion. . i6mo, 0 75 

Barnes, J. B. Elements of Military Sketching . i6mo. *0 75 

Bafnett, E. deB. Coal-Tar Dyes and Intermediates Svo, 3 50 

- — Explosives, Matches and Pyrotechny Svo (In Press.) 


Synthetic Dyes .... Svo (/»i Press) 

BarrowcHff, M., and Carr, F. H. Organic Medicinal Chemicals Svo, 

(In Press ) 
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Barrus, G. H. Engine Tests 8vo, *4 00 

Baterden, J. R. Timber ...bvo, *250 

Bates, E. L., and Charlesworth, F. Practical Mathematics and 

Geometry i2mo, 

Part I. Preliminary Course i 00 

Part II. Elementary Course... i 00 

Part III. Advanced Course i 50 

- — ^Practical Mathematics i2mo, *2 00 

Practical Geometry and Graphics i2mo, 2 00 

Batey, J. The Science of Works Management i2mo, *2 00 

Steam Boilers and Combustion . . i2mo, ’‘‘2 00 

Bayonet Training Manual .... i6mo, 030 

Beadle, C. Chapters on Papermaking. Five Volumes i2mo, each, '*^2 00 
Beaumont, R. Color in Woven Design. . 8vo, *6 00 

Finishing of Textile Fabrics. . 8vo, *^5 00 

Standard Cloths 8vo, ^6 00 

Beaumont, W. W. The Steam-Engine Indicator 8vo, 2 50 

Bechh^ld, H- Colloids in Biology and Medicine . . 8vo, 5 00 

Beckwith, A. Pottery 8vo, paper, 0 60 

Bedell, F. Airplane Characteristics 8vo, i 60 

The Air Propeller 8vo, i 00 

— The Airplane .... . . 8vo (In f^rcss ) 

Bedell, F., and Pierce, C. A. Direct and Alternating Cerent Manual. 

8vo, 2 00 

Beech, F. Dyeing of Cotton Fabrics 8vo, 5 00 

Dyeing of Woolen Fabrics . 8vo, *3 50 

Beggs, G. E. Stresses in Railway Girders and Bridges . . . . (/n Press.) 

Begtrup, T. The Slide Valve 8vo, *2 00 

Bender, C E. Continuous Bridges ... i6mo, o 75 

— ^^Troportions of Pins Used in Bridges i6mo, o 75 

Bengough, G. D. Brass .. .. (In Prrss ) 

:B«nnett, H. G. The Manufacture of Leather 8vo, 6 00 

— ^Animal Proteids 8vo, (In Press ) 

Bernthsen, A. A Text-book of Organic Chemistry ... . i2mo, 3 50 

Bersch, J. Manufacture of Mineral and Lake Pigments . . . 8vo, 6 00 

Beveridge, J. Papermaker’s Pocket Book i2mo, *4 00 

Binnie, Bir A. Rainfall Reservoirs and Water Supply. . . . 8vo, 4 00 

Binnf^ C. F. Manual of Practical Potting 8vo, 6 00 

. The Potter’s Craft.. . .i2mo, *200 

;Birclmisre, W. H. Interpretation of Gas Analysis iimo, *i ^5 

Blaine, R, G. The Calculus and Its Applications lamo, ” i 75 

Blake, W- H. Brewers* Vade Mecum 8vo, ’4 00 

Blanchard, W. M. Laboratory Exercises in General Chemistry lamo, 1 00 

^lasdale, W. C. Quantitative Chemical Analysis lamo, 2 50 

Bloch, L. Science of Illumination .8vo, 2 50 

Blyth, A. W. Foods: Their Compesition and Analysis 8vo, 8 50 

^ — ^JPoisons: Their Effects and Detection 8vo, 8 50 

BockiQA°°> Celluloid lamo, *2 50 

5admer, G. R. Hydraulic Motors and Turbines . . i2mo, 5 00 

Boileau, J. T. Traverse Tables 8vo, 5 00 

Bonney, G. E. The Electro-platers' Handbook larao, i 50 
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Booth, N. Guide to the Ring-spinning Frame i2mo, 

Booth, W. H. Water Softening and Treatment 8vo ( Rcpt intiii</ i 

Superheaters and Superheating and Their Control 8vo, 

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and 
\ Working , . 4to { R(’pnnliii</ i 

Bottler, M. Modern Bleaching Agents 

Bottone, S. R. Magnetos for Automobdists i2mo, 

Electro-Motors, How Made and How Use 121110, 

Boulton, S. B. Preservation of Timber i6mo, 

Bourcart, E, Insecticides, Fungicides and Weedkillers 8vo, 

Bourgougnon, A. Physical Problems iGnio, 

Bdurry, E. Treatise on Ceramic Industries 8vo, 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining 8vo, 

Bowls, 0 . Tables of Common Rocks i6mo, 

Bowser, E. A. Elementary Treatise on Analytic Geometry i2mo, 

Elementary Treatise on the Differential and Integral Calculus 1 2mo, 

Elementary Treatise on Analytic Mechanics i2mo, 

Elementary Treatise on Hydro-mechanics 12 mo, 

A Treatise on Roofs and Bridges . i2mo, 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, 

Bradford, G Whys and Wherefores of Navigation 121110, 

— Sea Teims and Phrases iimo, fabrikoid (In ) 

Bragg, E, M. Design of Marine Engines and Auxiliaries 8vo, 

Brainard, F. R. The Sextant * i6mo, 

Brassey’s Naval Annual for 1919 3 \o, 

Briggs, R., and Wolff, A. R. Steam-Heating i6mo, 

Bright, C. The Life Story of Sir Charles Tilsoi Bright 8vo, 

— —Telegraphy, Aeronautics and War 8vo, 

Brislee, T. J. Introduction to the Study of Fuel 8vo ih’cpnntuK/ ) 
Broadfoot, S. K. Motors- Secondary Batteries i2mo, 

Broughton, H. H. Electric Cranes and Hoists 

Brown, G. Healthy Foundations . idnio, 

Brown, H. Irrigation 8vo {Rcpnntmn ) 

Brown, H. Rubber 8vo, 

W, A, Portland Cement Industry 8vo, 

Brown, Wm. N. Dipping, Burnishing, Lacquering and Bronzing 
Brass Ware ’'^mo, 

-Handbook on Japanning 

Brown, Wm N. The Art of Enamelling on Metal izmo, 

^ House Decorating and Painting izino, 

History of Decorative Art i2mo 

Workshop Wrinkles 8vo, 

* Browne, C. L. Fitting and Erecting of Engines 8vo, 

Browne, R. E. Water Meters ^ ^ 

Bruce, E. M. Detection of Common Food Adulterants izmo, 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and Leather 
Dressings 

Buel, R.' H. Safety Valves 

Bunklev T W Military and Naval Recognition Book i6mo. 

Burlev G W. Lathes. Their Construction and Operation izmo, 

— Machine and Fitting Shop Practice. 2 vols izmo, each, 

’ Testing of Machine Tools 

Burnside, W. Bridge Foundations i^mo. 


?, 00 

I 50 


2 50 

I 00 

I 00 

75 
6 00 
o 75 
6 00 

5 00 

0 75 

1 75 

2 25 

3 00 
2 50 
2 2S 

4 25 

2 00 

4 00 

10 00 
0 75 
*4 50 

6 00 

0 75 
0 75 

2' 50 

3 00 

T 50 

'2 00 
*^2 00 
2 00 
50 

‘ I 00 

"I 50 

0 75 

1 40 

3 50 

0 75 

1 oc 

2 00 
2 00 
2 00 

*2 00 
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Car stall, F. W. Energy Diagram for Gas. With Text 8vo, i 50 

Diagram. Sold separately *i 00 

Burt, W, A, Key to the Solar Compass i6mo, leather, 2 50 

Buskett, W. Fire Assaying lamo, .*i 25 

Butler, H. J Motor Bodies and Chassis , 8vo, *3 00 


Byers, H. G., and Knight, H. G. Notes on Qualitative Analysis. . .8vo, 

{Mew Edition in Preparation ) 


Cain, W. Brief Course in the Calculus i2mo, *i 75 

■ Elastic Arches . . i6mo, 0 75 

■ Maximum Stresses i6mo, o 75 

■ Practical Designing Retaining of Walls i6mo, 075 

— Theory of Steel-concrete Arches and of Vaulted Structures. 

i6rao, 0 75 

Theory of Voussoir Arches i6mo, 0 75 

Symbolic Algebra i6mo, 0 75 

Calvert, G, T. The Manufacture of Sulphate of Ammonia and 

Crude Ammonia iimo, 400 

Camm, S 4 Aeroplane Construction .... . .i2mo, 300 

Carhart, H. S. Thermo Electromotive Force in Electric Cells, 

{1)1 Press.) 

Carey, A. E, and Oliver, F. W. Tidal Lands ... .8vo, 5 00 

Carpenter, F. D. Geographical Surveying . . i6mo, 

Carpenter, R. C., and ^Diederichs, H. Internal Combustion Engines 8vo, 5 50 
Carter, H. A. Ramie (Rhea), China Grass , . lamo, *3 00 

Carter, H. R. Modern Flax, Hemp, and Jute Spinning . . 8vo, *3 50 

Bleaching, Dyeing and Finishing of Fabrics 8vo, *1 35 


Cory, E. R. Solution of Railroad Problems with the Slide Rule i6mo, *x 00 


easier, M. D. Simplified Reinforced Concrete Mathematics .lamo, ‘^i 00 

Cathcart, W. L. Machine Design. Part I. Fastenings 8vo, *3 00 

Cathcart, W, L., and Chaffee, J. 1 . Elements of Graphic Statics . . 8vo, *300 

■ Short Course m Graphics . .i2mo, 150 

Caven, R. M, and Lander, G. D. Systematic Inorganic Chemistry . i2mo, 2 25 

Chalkley, A. P. Diesel Engines 8vo, *4 00 

Chalmers, T. W. The Production and Treatment of Vegetable Oils, 

4to, 7 50 

Chambers’ Mathematical Tables 8vo, 2 50 

Chambers, G. F. Astronomy i6mo, *1 50 

Chappel, E. Five Figure Mathematical Tables 8vo, a 50 

Charnock, Mechanical Technology 8vo, 3 50 

Charpentier, P. Timber 8vo, *6 00 

Chatley, H Pnnciples and Designs of Aeroplanes i6mo, 0 75 

How to Use Water Power lamo, *1 50 ’ 

Gyrostatic Balancing 8vo, 25 

Child, C. D. Electric Arc 8vo, *2 00 

Christian, M. Disinfection and Disinfectants lamo, 2 50 


Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming 8vo, *3 00 

■ Chimney Design and Theory 8vo, *3 00 

Furnace Draft i6mo, 075 

Water; Its Purification and Use in the Industries 8vo, *2 00^ 

Church's Laboratory Guide 8vo, 2 50* 

Claphara, J. H. Woolen and Worsted Industries 8vo, a 00 
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Clapperton, G. Practical Papermaking 8vo {Repriniing.) 

Clark, A. G. Motor Car Engineering. 

Vol. I. Construction *4 oo 

. Vol. II. Design . . 8vo, *3 50 

Clark, C. H. Marine Gas Engines. New Edition 2 00 

Clarke, J. W., and Scott, W. Plumbing Practice. 

Vol. I. Lead Working and Plumbers’ Materials 8vo, *4 00 

Vol. II. Sanitary Plumbing and Fittings {In Press ) 

Vol. HI. Practical Lead Working on Roofs ... {In Press) 
Clarkson, R. P. Elementary Electrical Engineering {In Press ) 

, Clerk, D., and Idell, F. E. Theory of the Gas Engine . . i6mo, 0 75 

Clevenger, S. R. Treatise on the Method of Government Surveying. 

i6mo, morocco, 2 50 

Clouth, F. Rubber, Gutta-Percha, and Balata Rvo, *6 00 

Cochran, J. Concrete and Reinforced Concrete Specifications . 8vo, *2 50 

Treatise on Cement Specifications 8vo, *i 00 

Cocking, W. C Calculations for Steel-Frame Structures i2mo, *2 50 

Coffin, J. H. C. Navigation and Nautical Astronomy i2mo, 3 00 

Lolburn, Z., and Thurston, R. H. Steam Boiler Explosions i6mo, 0 75 

Cole, R. S. Treatise on Photographic Optics . i2mo, 2 00 

Coles-Finch, W, Water, Its Origin and Use ... . 8vo, *5 00 

Collins, C. D. Drafting Room Methods, Standards and Forms 8vo, 2 00 

Collins, S. Hoare. Plant Products and Chemical Fertilizers 8vo, 3 00 

Collis, A. G. High and Low Tension Switch-Gear Design . 8vo, *3 5o 

Switchgear ... . i2mo, 0 50 

Colver, E. D. S High Explosives 8vo, 12 50 

Comstock, D F , and Troland, L. T. The Nature of Electricity and 

Matter 8vo, 2 50 

Coombs, H. A. Gear Teeth i6mo, 0 75 

Cooper, W. R. Primary Batteries 8vo, *600 

Copperthwaite, W. C. Tunnel Shields 4to» *9 o® 

Corfield, W. H Dwelling Houses i6mo, 0 75 

Water and Water-Supply i6mo, 0 75 

Cornwall, H.B. Manual of Blow-pipe Analysis 8vo. *250 

Cowee, G. A. Practical Safety Methods and Devices 8vo, 4 00 

Cowell, W. B. Pure Air, Ozone, and Water 12010, *2 50 

Craig J. W., and Woodward, W. P. Questions and Answers Abo«t 

Electrical Apparatus i2mo, leather, i 50 

Craig, T. Motion of a Solid in a Fuel ifinio, o 75 

Wave and Vortex Motion .i6mo, 0 75 

Crehore, A. C Mystery of Matter and Energy ... 8vo, i 00 

.New Theory of the Atom (Jn Press) 

Crocker, F. B., and Arendt, M. Electric Motors . . 8vo, *2 50 


Crocker’ F B , and Wheeler, S. S. The Management of Electrical Ma- 
.’chinery 

Crosbv E U , Fiske, H. A., and Forster, H. W. Handbook of Fire 

^'Protection ““'O' 4 00 

Cross, C. T., Bevao, E. J., and Sindall. R. W. Wood Pulp and Its 

Vaiusa, .8vo {R^pntPtnq ) 

Crosskey r R. Elementary Perspective 8vo, i 50 
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Crosskey, L. R., and Thaw, J. Advanced Perspective 8vo, 2 00 

Culley, J. L. Theory of Arches i6ino, 0 75 

Cushing, H. C., Jr., and Harrison, Central Station Management. .. *2 00 

Dadourian, H. M. Analytical Mechanics i2mo, *3 00 

Graphic Statics . . . 8vo, 0 75 

Danby, A. Natural Rock Asphalts and Bitumens 8vo, *2 50 

Darling, E. R. Inorganic Chemical Synonyms i^mo, i 00 

Davenport, C. The Book 8vo, 2 00 

Davey, N. The Gas Turbine 8vo, *4 00 

Davies, F. H. Electric Power and Traction 8vo, *200 

— — Foundations and Machinery Fixing i6mo, i 00 

Deerr, N. Sugar Cane 8vo, 10 00 

De la Coux, H. The Industrial Uses of Water 8vo, 5 00 

Del Mar, W« A. Electric Power Conductors 8vo, *2 00 

Denny, G. A. Deep-level Mines of the Rand 4to, *10 on 

De Roos, J. D. C. Linkages i6mo, 0 75 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Desaint, A. Three Hundred Shades and How to Mix Them 8vo, *9 00 

De Yarona, A. Sewer Gases. ... i6mo, o 75 

Devey, R. G. Mill and Factory Wiring i2mo, i 00 

Dichmann, Carl. Basic Open Hearth Steel Process . . 12 mo, 4 00 

Dietench, K. Analysis of Resins, Balsams, and Gum Resins . .8vo, *3 50 

Dilworth, E. C. Steel Railway Badges ... 4to. *4 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery i2mo, **^3 00 

Dixon, D. B. Machinist’s and Steam Engineer’s Practical Calculator. 

i6mo, morocco, i 25 

Dommett, W. E Motor Car Mechanism ... lamo, *2 00 

Dorr, B. F. The Surveyor’s Guide and Pocket Table-book. 

i6mo, morocco, 2 00 

Draper, C. H. Heat and the Principles of Thermo-Dynamics .larao, 2 25 

Draper, E. G. Navigating the Ship lamo, 2 00 

Dubbcl, H. High Power Gas Engines 8vo, *5 00 


Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

8vo, *5 00 

Duncan, W. G., and Penman, D. The Electrical Equipment of Collieries. 

8vo, *5 00 

Dunklcy, W. G. Design of Machine Elements. Two volumes 8vo,each, 2 00 
Dunstan, A. E., and Thole, F. B. T. Textbook of Practical Chemistry. 


i2mo, 40 

Durham, H. W. Saws 8vo, 2 50 

Duthie, A. L. Decorative Glass Processes 8vo, 2 50 

Dwight, H. B. Transmission Line Formulas 8vo, *2 00 

Dyke, A. L. Dyke’s Automobile and Gasoline Engine Encyclopedia, 

8vo, 5 00 

Dyson, S. S. A fitanual of Chemical Plant. la parts — 4to, paper, 7 50 

Dyson, S. S., and Clarkson, S. S. Chemical Woiks 8vo, ^9 00 

Eccles, W. H. Wireless Telegraphy and Telephony lamo, *8 80 
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and Illumination gvo. 

Manual of Alternating Currents i2mo, 

Edelman, P. Inventions and Patents . . . i2mo 

Edgcumbe, K Industrial Electncal Measuring Instruments ’ V. 8 vo! 

Edkr, R. Switches and Switchgear gvo, 

Eissler, M. The Metallurgy of Gold 8voi 

The Metallurgy of Silver gvo ’ 

The Metallurgy of Argentiferous Lead * 8vo, 

A Handbook on Modern Explosives 8vo ^ 

Eldn, T. C. Water Pipe and Sewage Discharge Diagrams . . . folio! 

Electnc Light Carbons, Manufacture of gvo, 

Sliot, C. W., and Storer, F, H. Compendious Manual of Qualitative 

Chemical Analysis .i2mo 

Ellis, C. Hydrogenation of Oils .gvo, 

Ultraviolet Light, Its Applications in Chemical Arts lamo! 

j Prrss) 

and Meigs, J, V. Gasolene and Other Motor Fuels.. (/» Press) 

Ellis, G Modem Technical Drawing gvo 

Ennis, Wm. D. Linseed Oil and Other Seed Oils gvo! 

Applied Thermodynamics gvo' 

Flying Machines To-day iimo,* 

Vapors for Heat Engines i2mo, 

Ermen, W. F. A. Materials Used in Sizing gvo, 

Erwin, M. The Universe and the Atom ... i2mo (Reprinting) 
Ewing, A. J. Magnetic Induction in Iron gvo, 


a 50 

0 50 
*i 50 

5 00 
4 00 
9 00 

4 00 

6 25 

5 00 
*3 00 

1 00 

*i 25 

7 50 


'2 00 
5 00 
5 00 

50 
"i 00 
►2 00 

5 00 


Fairchild, J F. Graphical Compass Conversion Chart and Tables . 0 50 

Fairie, J. Notes on Lead Ores i2mo, *0 50 

Notes on Pottery Clays ... .i2mo, *200 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines i6mo, 0 75 

Falrweather, W. C. Foreign and Colonial Patent Laws gvo, *3 00 

Falk, K. G. Chemical Reactions: Their Theory and Mechanism. 

(In Press ) 

Fanning, J. T. Hydraulic and Water-supply Engineering . . . 8vo, *5 oc 

Farnsworth, P. V. Shop Mathematics . .i2mo (In Press) 

Fay, I. W. The Coal-tar Dyes gvo, 5 oo 

Fembach, R. L. Glue and Gelatine gvo, *3 00 

Findlay, A. The Treasures of Coal Tar i2mo, 2 00 

Firth, J. B. Practical Physical Chemistry lamo! i 25 

Fischer, E. The Preparation of Organic Compounds . . i2mo, i 50 

Fisher, H, K. C , and Darby, W. C. Submarine Cable Testing gvo, 4 00 

^leischmann, W. The Book of the Dairy gvo, 4 50 

Fleming, J. A* The Alternate-current Transformer. Two Volumes. 8vo. 

Vol. I. The Induction of Electric Currents ... *6 50 

Vol, II. The Utilization of Induced Currents 6 50 

Pr9pagation of Electric Currents ... gvo, 3 50 

A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes 8vo, each, *6 5° 

Fleur}', P. .Preparation and Uses of White Zinc Paints gvo, 3 00 

Flynn, P. J. Flow of Water .i2mo, 0 75 

Hydraulic Tables ... ... ... i6mo, 075 
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Foster, H. A. EU^ctrical Engineers* Pocket-book. {Seventh Edition.) 

lamo, leather, 5 00 

Engineering Valuation of Public Utilities and Factories 8vo, *3 00 

Fowle, F. F, Overhead Transmission Line Crossings . lamo, *i So 

The Solution of Alternating Current Problems 8vo {In Pre.^s.) 

Fox, W. G. Transition Curves i6mo, 0 75 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing . ... i2mo, I 25 

Foye, J. C. Chemical Problems i6mo, o 75 

Handbook of Mineralogy i 6 mo, o 75 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Franzen, H. Exercises in Gas Analysis lamo, *1 00 

Fraser, E. S., and Jones, R. B. Motor Vehicles and Their Motors, 

&V0, fabnkoid, 2 00 

Freudemacher, P. W. Electric Mining Installations i2mo, i 00 

Friend, J N. The Chemistry of Linseed Oil izmo, i 00 

Fritsch, J. Manufacture of Chemical Manures 8vo, 5 00 

Frye, A. I. Civil Engineers’ Pocket-book i2mo, leather, *5 00 

Fuller, G. W. Investigations into the Purification of the Ohio River. 

4to, *10 00 

Fumell, J. Paints, Colors, Oils, and Varnishes 8vo. 


Gant, L. W. Elements of Electric Traction 8vo, *2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms 8vo, 3 00 

Gardner, H. A. Paint Researches, and Their Practical Applications, 

8 VO, ’*'5 00 

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires izmo, leather, i 50 

Garrard, C. C. Electnc Switch and Controlling Gear 8vo, *6 00 

Gaudard, J. Foundations i6mo, o 75 

Gear, H. B., and Williams, P. R Electric Central Station Distribution 

Systems ... 8vo, *3 50 

Geerligs, H. Cj P. Cane Sugar and Its Manufacture 8vo, *6 00 

Chemical Control in Cane Sugar Factories 4to, 5 00 

Geikie, J. Structural and Field Geology 8vo, 4 50 

Mountains. Their Growth, Origin and Decay 8vo, 4 50 

The Antiquity of Man in Europe 8vo, *3 00 

Georgi, F., and Schubert, A. Sheet Metal Working . . 8vo, 3 50 

Gerhard, W, P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses .. i2mo, *2 00 

Gas Lighting i6mo, o 75 

Household Wastes i6mo, 075 

House Drainage i6mo, o 75 

Sanitary Drainage of Buildings i6mo,* 0 75 

Gerhardi, C. W. H. Electricity Meters 8vo, *7 20 

Geschwind, L. Manufacture of Alum and Sulphates 8vo, 5 00 


Gibbings, A. H. Oil Fuel Equipment for Locomotives. 8vo. 

{Reprinting.) 

i2mo, *i 50 


Gibbs, W. E. Lighting by Acetylene 



D. VAN NOSTRAND CO.’S SHORT TITLE CATALOG 


n 

Gibson, A. H. Hydraulics and Its Application 8vo, 6 oo 

‘Water Hammer in Hydraulic Pipe Lines i2mo, 2 50 

GibsdQ, A. H., and Ritchie, E, G. Circular Arc Bow Girder 4to, ''3 50 

Gilbreth, F. B, Motion Study i2mo, *2 00 

Primer of Scientific Management limo, ‘^i oo 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements. . . i2mo, 125 

Godfrey, E, Tables for Structural Engineers i6mo, leather, >^2 50 

Golding, H. A. The Theta-Phi Diagram i2mo, ‘'2 00 

Goldschmidt, R. Alternating Current Commutator Motor 8vo, =♦'3 00 

Goodchild, W Precious Stones 8vo, 2 50 

Goodell, J. M. The Location, Construction and Maintenance of 

Roads . , , 8vo, 2 00 

Goodeve, T. M. Textbook on the Steam-engine .. i2mo, 2 50 

Gore, G. Electrolytic Separation of Metals 8vo, 4 50 

Gould, E. S. Arithmetic of the Steam-engine . . i2mo, r 00 

- — Calculus i6mo, 0 7^ 

High Masonry Dams lomo, 0 75 

Gould, E. S. Practical Hydrostatics and Hydrostatic Formulas lemo, 0 7s 

Gratacap, L. P. A Popular Guide to Minerals 8vo, *2 00 

Gray, H. H. Gas-Works Products 8vo (/;; ) 

Gray, J. Electrical Influence Machines i2mo, 200 

'Marine Boiler Design lamo ) 

Greenhill, G. Dynamics of Mechanical Flight 8 vo, *2 50 

Greenwood, H, C, The Industrial Gases 8vo ihi R) ) 

Gregorius, R Mineral Waxes ^ i2mo, 3 00 

Grierson, R. Some Modern Methods of Ventilation 8vo, *3 00 

Griffiths, A. B. A Treatise on Manures i2mo (Rcpniitvui ) 

Gross, E. Hops .... 8vo, ' 5 00 

Grossman, J. Ammonia and Its Compounds i2nio, 1 50 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity. 

8 V 0 , 2 50 

Grover, F. Modern Gas and Oil Engines . . 8vo, '^3 00 

Gruner, A. Power-loom Weaving . . 8vo, *3 50 

Gninsky, C. E. Topographic Stadia Surveying ... i6mo, 2 00 

Guldner, H. Internal Combustion Engines . (/n Press) 

Gunther, C. 0 . Integration 8vo, i 50 

Gurden, R. L. Traverse Tables folio, half morocco, *7 50 

Guy, A. E. Experiments on the Flexure of Beams 8vo, 25 

* Haenig, A. Emery and Emery Industry 8 vo, '‘^2 50 

Hainbach, R. Pottery Decoration .i2mo, 3 50 

Hale, A. J. The Manufacture of Chemicals by Electrolysis. 8vo, 

(III IP- css) 

Hale, W. J. Calculations of General Chemistry i2mo, i 50 

Hall, C. H. Chemistry of Paints and Paint Vehicles r2mo, *2 oa 

Hall, R. H. Governors and Governing Mechanism i2mo^ *2 5a 

Hall,’ W. S. Elements of the Differential and Integral Calculus 8vo, 2 75 

DescriptiVe Geometry 8vo volume and a 4to atlas, 4 00 

Haller, G. F., and Cunningham, E. T. The Tesla Coil i 2 mo, *i 25 

Halsey, F. A, Slide Valve Gears. i2mo, i 50 

The Use of the Slide Rules i 6 mo, 0 75 

Worm and Spiral Gearing i6mo, 0 75 



12 D. VAN NObTRAND CO/S SHORT TITLE CATALOG 


Hancock, H. Textbook of Mechanics and Hydrostatics 8vo, i 50 

Hardy, £. Elementary Principles of Graphic Statics i2mo, 50 

Haring, H. Engineering Law. 

Vol. I. Law of Contract 8vo, ^4 00 

Harper, J. H. Hydraulic Tables on the Flow of Water i6mo, ^2 00 

Hams, S. M. Practical Topographical Surveying (/n Press.) 

Harrow, B. Eminent Chemists of Our Times: Their Lives and Work. 

(In Press.) 

Haskins, C. H. The Galvanometer and Its Uses .... i6mo, 1 50 

Hatt, J. A. H. The Colorist .. square lamo, 50 

Hausbrand, E. Drying by Means of Air and Steam. . . .. .i2mo, 2 50 

Evaporating, Condensing and Cooling Apparatus 8vo, 6 00 

Hausmann, E. Telegraph Engineering 8vo, *3 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. .. .8vo, 3 50 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, 2 00 

Hay, A. Continuous Current Engineering 8vo, *^2 50 

Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .8vo, *2 00 

Public Utilities, Their Fair Present V^ifue and Return 8vo, *2 00 

Heath, F. H. Chemistry of Photography 8vo. (In Press.) 

Heather, H. J. S. Electrical Engineering 8vo, 4 50 

Heaviside, 0 . Electromagnetic Theory. Vols. I and II 8vo, each, 

(Reprinting.) 

Vol. Ill 8vo (Reprinting.)' 

Heck, R. C. H. The Steam Engine and the Turbine 8vo, 4 50 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol, I. Thermodynamics and the Mechanics 8vo, 4 50 

7 ol. II. Form, Construction, and Working 8vo, 5 50 

Notes on Elementary Kinematics 8vo, boards, *i 00 

Graphics of Machine Forces 8vo, boards, *i 00 

Heermann, P. Dyers' Materials lamo, 3 00 

Hellot, Macquer and D'Apligny. Artof Dyeing Wool, Silk and Cotton. 8vo, ’*'2 00 
Hering, C., and Getman, F. H. Standard Tables of Electro-Chemical 

Equivalents lamo, *2 00 

Hering, D. W. Essentials of Physics for College Students . . ..8vo, 2 25 

Herington, C. F. Powdered Coal as Fuel 8vo, 3 00 

Herrmann, G. The Graphical Statics of Mechanism lamo, 2 00 

Herzfeld, J. Testing of Yarns and Textile Fabrics . ... 8vo. 

(New Edition in Preparation.) 

Hildenbrand, B, W. Cable-Making.. i6mo, 075 

Hilditch, T. P. A Concise History of Chemistry lamo, *1 50 


Hill, M. J. M. The Theory of Proportion 8vo, *2 50 

Hillhouse, P. A. Ship Stability and Trim 8vo, 4 50 

Hiroi, I- Plate Girder Construction i6mc, o 75 

^Statically-Indeterminate Stresses ismo, 2 50 

Hirshfeld, C. F. Engineering Thermodynamics i6mo, o 75 

Hoar, A. The Submarine Torpedo Boat ismo, "*2 00 

Hobart, H. M. Heavy Electrical Engineering 8vo, % 50 

Design of Static Transformers lamo, a 50 

Electricity 8 to, ♦a 00 

Electric Trains .8vo, ^a 50 

Electric Propulsion of Ships 8vo, *a 50 
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Hobart, J. F. Hard Soldering, Soft Soldering and Brazing I2m9» 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements . .izmo, 

Hoff, J. N. Paint and Varnish Facts and Formulas izmo, 

Holf, W. The Distribution of Gas 8vo, 

HopRlns, N. M. Model Engines and Small Boats izmo, 

The Outlook for Research and Invention izmo. 

Hopkinson, J., Shoolbred, J. N, and Day, R. E. Dynamic Electricity. 

i6rao. 

Horner, J. Practical Ironfounding . ... 8vo, 

Gear Cutting, in Theory and Practice 8vo (Reprinting.) 

Houghton, C. E. The Elements of Mechanics of Materials izmo, 
Houstoun, R. A. Studies in Light Production izrao, 

Hovenden, F. Practical Mathematics for Young Engineers izmo, 

Howe, G. Mathematics for the Practical Man izmo, 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

8 VO, paper, 

Hoyt, W. E. Chemistry by Expenmentation 8vo, 

Hubbard, E. The Utilization of Wood-waste 8vo, 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

8vo (Reprinting.) 

Hudson, 0. F. Iron and Steel • 8vo, 

Humphreys, A. C. The Business Features of Engineering Practice 8vo, 

Hunter, A. Bridge Work 8vo. {In Press.) 

Hurst, G. H. Handbook of the Theory of Color 8vo, 

Dictionary of Chemicals and Raw Products 8vo, 

Lubneating Oils, Fats and Greases 8vo, 

Soaps 8vo, 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils 8vo, 

Hurst, H. E., and Lattey, R. T. Text-book of Physics 8vo, 

Also published in three parts. 

Part I, Dynamics and Heat 

Part II. Sound and Light . 

Part ni. Magnetism and Electricity 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

lamo, 

Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in Mining izmo, 

{In Press.) 

Hyde, E. W. Skew Arches. i6mo. 

Hyde, F. S. Solvents, Oils, Gums, Waxes 8vo, 


Induction Coils 

Ingham, A. E. Gearing. A nractical treatise 8vo, 

Ingle, H. Manual of Agricultural Chemistry 8vo {In Press ) 

Inness, C. H. Problems in Machine Design lamo, 

Centrifugal Pumps ^^rao, 

The Fan 


Jacob A., and Gould, E. S. On the Designing and Construction 0! 

Storage Reservoirs 

Jacobs, F. B. Cam Design and Manufacture ( In Press.) 


1 as 

0 75 

1 50 
*8 50 

1 25 

2 oo 

0 7‘v 
*Z 00 

2 50 

Z 00 

50 

1 50 

*0 50 
*0 70 


- 

3 50 

"■3 50 

*5 00 
*5 00 
’'6 00 
3 50 
*3 00 

I 50 

I 50 
50 

•3 00 


0 75 
♦2 00 

O 75 
♦2 50 

♦3 00 
♦3 00 
*4 00 


0 75 
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James, F. D. Controllers for Electric Motors 8vo. 

Jehl, F. Manufacture of Carbons 8vo. 

Jennings, A. S. Commercial Paints and Painting 8vo. 

Jennison, F. H. The Manufacture of Lake Pigments 8vo {In Press.) 
Jepson, G. Cams and the Principles of their' Construction . .8vo, 

Mechanical Drawing . .... 8vo {In Preparation.) 

Jervis-Smith, F. J. Dynamometers 8vo. 

Jockin, W. Arithmetic of the Gold and Silversmith .i 2 mo, 

Johnson, C. H., and Earle, R. P. Practical Tests for the Electrical 
Laboratory ( /;; Press ) 

Johnson, J. H. Arc Lamps and Accessory Apparatus lamo, 

Johnson, T. M. Ship Wiring and Fitting . . i 2 mo {Reprinting ) 
Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 
and Geology . . i 2 mo, 

Joly, J. Radioactivity and Geology . ... i 2 mo {Reprinting ) 

Jones, H. C. Electrical Nature of Matter and Radioactivity i 2 mo, 

. Nature of Solution . . ... 8vo, 

New Era in Chemistry i 2 mo, 

Jones, J. H. Tinplate Industry .... 8vo, 

Jones, M. W. Testing Raw Materials Used in Paint lamo, 

Jordan, L. C. Practical Railway Spiral i 2 mo, leather, 

Juptner, H. F. V. Siderclogy: The Science of Iron 8vo, 

Kapp, G. Alternate Current Machinery i6mo, 

Kapper, F. Overhead Transmission Lines 4 to, 

Keim, A. W. Prevention of Dampness in Buildings 8vo, 

Keller, S. S., and Knox, W. E. Analytical Geometry and Calculus... 
Kemble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 
Spectrum . . 8vo, paper, 

Kemp, J. F. Handbook of Rocks . .8vo, 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

i6mo, 

Kennedy, A. B. W., Unwin, W. C., and Idell, F. E. Compressed Air. 

i6mo, 

Kennedy, R. Flying Machines, Practice and Design lamo, 

Principles of Aeroplane Construction 8vo, 

Kent. W. Strength of Materials i6mo, 

Kershaw, J. B. C. Fijel, Water and Gas Analysis 8vo {In Press.) 

: Electrometallurgy 8vo, 

Electro-Thermal Methods of Iron and Steel Production . .8vo, 

Kinzbrunner, C. Continuous Current Armatures 8vo, 

— Testing of Alternating Current Machines . , . 8vo, 

Kinzer, H., and Walter, K. Theory and Practice of Damask Wearing, 

8vo, 

Kirkaldy, A.. W., and Evans, A. D. History and Economics of 

Transport 8ro, 

Kirkbride, J. Engraving for Illustration 8vo, 

Kirschke, A. Gas and Oil Engines xsmo, 


q 00 
S 00 
2 so 

50 

4 00 
*I 00 

0 V5 


2 6o 

*2 00 
’*'3 50 
*2 00 
*3 00 
*2 50 
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*5 00 

0 75 
’’■4 00 

*2 50 
a 00 

*0 50 
*i 50 

0 75 

0 75 
2 50 
♦2 00 

0 75 

2 50 
*3 00 

1 50 

♦2 00 

4 00 

’♦‘3 00 
00 
*i 50 
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Klein, J. F. Design of a High-speed Steam-engine 8vo, *5 00 

Physical Significance of Entropy 8vo, *i 50 

KUngenberg, G. Large Electric Power Stations 4to, *5 00 

Knight, R.-Adm A M. Modern Seamanship 8vo, *6 50 

Pocket Edition .i2mo, fabnkoid, 3 00 

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo, 2 50 

Knox, J Physico-Chemical Calculations umo, i 50 

Fixation of Atmospheric Nitrogen .... izmo, 1 00 

Koester, F. Steam-Electric Power Plants . ... 4to, *5 00 

-i Hydroelectric Developments and Engineering . . 4to, *5 00 

Koller, T. The Utilization of Waste Products 8vo, *5 00 

- — -Cosmetics 8vo, "^2 50 

Koppe, S W Glycerine i2mo, *3 50 

Kozmin, P A. Flour Milling 8vo, 7 50 

Krauch, C Chemical Reagents 8vo, 7 00 

Kremann, R Application of the Physico-Chemical Theory to Tech- 
nical Process and Manufacturing Methods , 8vo, 3 00 

Kretchmar, K Yarn and Warp Sizing 8vo, *5 00 

Laffargue, A. Attack in Trench Warfare i6mo, 0 50 

Lallier, E. V. Elementary Manual of the Steam Engine . izmo, *2 00 

Lambert, T. Lead and Its Compounds . . . 8vo, ^*3 50 

Bone Products and Manures 8vo, *3 50 

Lamborn, L L Cottonseed Products 8vo, 4 00 

Modern Soaps, Candles, and Glycerin 8vo, *7 50 

Lamprecht, R Recovery Work After Pit Fires 8vo, 5 00 

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodynamics *6 00 

Vol. II Aerodonetics *6 00 

Lanchester, F W. The Flying Machine 8vo, *3 00 

Industnal Engineering: Present and Post-War Outlook izmo, i 00 

Lange, K. R By-Products of Coal-Gas Manufacture lamo, 2 50 

La Rue, B, F Swing Bridges i6mo, 0 75 

Lassar-Cohn, Dr Modern Scientific Chemistry .izmo, 2 25 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting i6rao, o 75 

Latta, M N. Handbook of American Gas-Engineering Practice 8vo, 5 00 

American Producer Gas Practice 4to, *6 00 

Laws, B. C Stability and Equilibrium of Floating Bodies 8vo, 4 50 

Lawson, W. R. British Railways. A Financial and Commercial 

Survey • • • 8vo, 2 00 

Leask, A R Refrigerating Machinery i2mo {Rcprintxnq.) 

Lecky, S T. S "Wrinkles’' in Practical Navigation . , 8vo, 10 00 

- Pocket Edition ... lamo, 5 00 

Danger Angle i6mo, 2 50 

Le Doux, M Ice-Making Machines . . i6mo, o 75 

Leeds, C C Mechanical Drawing for Trade Schools . . oblong 4to, 2 25 

- - Mec'hanical Drawing for High and Vocational Schools . 4to, i 50 

Principles of Engineering Drawing . 8vo {In Press) 

Lefevre, L. Architectural Pottery . . 4to, 7 00 

. Lehner, S. Ink Manufacture , ti ‘ 

Lemstrora, S. Electricity in Agnculture and Horticulture 8vo, H 50 

Letts, E A. Fundamental Problems in Chemistry 8vo, *2 00 

Le Van, W. B. Steam-Engine Indicator . . .i6mo, 0 75 
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Lewes, V. B. Liquid and Gaseous Fuels 8vo, 3 00 

Carbonization of Coal 8vo, 00 

Lewis Automatic Machine Rifle; Operation of i6mo, ^0 60 

Licks, H. E. Recreations in Mathematics umo, 1 50 

Lieber, B. F. Lieber’s Five Letter American Telegraphic Code .8vo, ^15 00 

Spanish Edition 8vo, *15 00 

French Edition 8vo, As 00 

Terminal Index 8vo, *2 50 

Lieber’s Appendix . . . . , folio, *15'' 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers’ Code and Merchants and Shippers’ 

Blank Tables ..... . 8vo, *15 00 

100,000,000 Combination Code ... 8vo, *10 00 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 

man 

Livingstone, R. Design and Construction of Commutators . . 

Mechanical Design and Construction of Generators 

Lloyd, S. L. Fertilizer Materials ... 

Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph . . . 8vo, 

— Electrical Measurement and the Galvanometer lamo, 

Lodge, O. J. Elementary Mechanics 

Loewenstem, L. C., and Crisaey, C. P. Centrifugal Pumps ' 5 00 

Lomax, J. W. Cotton Spinning lamo, 

Lord, R. T. Decorative and Fancy Fabrics 

Loring, A. E. A Handbook of the Electromagnetic Telegraph. . .i6mo, 

Lowy, A. Organic Type Formulas 0 10 

Lubschez, B. J. Perspective lamo, 

Lucke, C. E. Gaa Engine Design 8vo, 

Power Plants: Design, EfSciency, and Power Costs. 2 vols. 

(In Preparalim.) 

Luckieah, M. Color and Its Application 8vo, 

Light and Shade and Their Applications . . 8vo, 

Visual Illusions (In Preparation) 

Lunge, 0 . Coal-tar and Ammonia. Three Volumes 8vo, 

Technical Gas Analysis 8vo, 

Manufacture of Sulphuric Acid and Alkali. Four Volumes 8vo, 

Vol. I. Sulphuric Acid. In three parts (Repnntituj ) 

Vol. I. Supplement . .8vo (Imprinting) 

Vol. IL Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts (In Press ) 

Vol. III. Ammonia Soda (fn Press.) 

Vol. IV, Electrolytic Methods (In Preas.) 

Technical Chemists’ Handbook lamo, leather, 

Technical Methods of Chemical Analysis. 


. . rzmo. 

*i 00 

, . . . 8 vo, 

4 50 

. . . 8vo, 

4 50 

. . . lamo, 

2 00 

1 . . . 8vo, 

2 50 

i2mo, 

0 75 

. . .i2mo. 

I 50 

* 5 00 

I 50 

lamo, 

... .8vq, 

*3 50 

1. . .i6mo, 

0 75 
0 to 

. . .lamo, 

50 

. - 8vo, 

*?. 00 


3 50 
3 00 


‘’^25 00 
*4 50 


♦4 00 


Vol. I. In two parts ‘...8vo, *1500 

Vol. n. In two parts 8fo, *18 00 

Vol. III. In two parts 8to, *18 00 

The set (3 vols.) complete *50 00 

luquer, L. M. Minerals in Rock Sections 8vo, *x so 
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MacBnde, J. D. A Handbook of Practical Shipbuilding, 

• i2mo, fabnkoid, a 00 

Macevfen, H. A. Food Inspection 8vo, *2 50 

Mackenzie, N. F. Notes on Irrigation Works . . 8vo, *2 50 

Mackie, J. How to Make a Woolen Mill Pay 8vo, ^2 00 

Maguire, Wm. R. Domestic Sanitary Dramage and Plumbing 8vo, 4 00 

Malcolm, H. W. Submarine Telegraph Cable 9 00 

Malinovzsky, A. Analysis of Ceramic Materials and Methods of 

, Calculation (/» Prcjs ) 

Mallet, A. Compound Engines i6mo, 

Mansfield, A. N. Electro-magnets i6mo, 0 75 

Marks, E. C. R. Construction of Cranes and Lifting Machinery. i2mo, *2 75 

Manufacture of Iron and Steel Tubes lamo, 2 50 

Mechanical Engineering Materials lamo, *1 50 

Marks, G. C. Hydraulic Power Engineering 8vo, 4 50 

Marlow, T. G. Drying Machinery and Practice 8vo (Reprinting.) 

Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *2 50 

Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards . 50 

Marsh, C. F., asd Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction idmo, cloth, a 00 

Marshall, W. J,, and Sankey, H. R. Gas Engines 8vo, a 00 

Martin, G. Triumphs and Wonders of Modern Chemistry 8vo, "^3 00 

Modern Chemistry and Its Wonders .... . 8vo, *3 00 

Martin, N. Properties and Design of Reinforced Concrete 8vo, 1 50 

Martin, W. D. Hints to Engineers lamo, a 00 

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 

lamo, 00 

Mathot, R, E. Internal Combustion Engines 8vo, 5 00 

Maurice, W. Electric Blasting Apparatus and Explosives 8 vo, *3 5 o 

Shot Firer’s Guide . . • 8vo, *1 50 

Maxwell, F. Sulphitation in White Sugar Manufacture lamo, 4 00 

• Maxwell, J. C. Matter and Motion i6mo, 0 75 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering . . 4tO, *10 00 

Mayer, A. M. Lecture Notes on Physics 8vo, 2 00 

McCracken, E. M., and Sampson, C. H. Course in Pattern Making. 

(In Press ) 

McCullough, E. Practical Surveying . . lamo, 2 50 

’McCullough, R. S. Mechanical Theory of Heat 8 vo, 350 

McGibbon, W. C. Indicator Diagrams for Marine Engineers 8 vo, 3 5 o 

Marine Engineers’ Drawing Book ... .oblong 4to, *2 50 

McGibbon, W, C. Marine Engineers Pocketbook .... i2mo, 4 5 ® 

McIntosh, J. G. Technology of Sugar 8vo, 6 00 

Industrial Alcohol *3 5 o 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 


ovu. 

. Vol I. Oil Crushing, Refining and Boiling ^ 

Vol. II. Varnish Materials and Oil Varnish Making (Reprinting.) 

Vol. HI. Spirit Varnishes and Materials . .(Reprinting ) 

McKav C W. Fundamental Principles of the Telephone Business. 

* 8vo. (In Press.) 
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HcKillop, M,, and McKillop, A. D. Efficiency Methods ... . i2mo, 

lIcKnight, J. D., and Brown, A. W. Marine Multitubular Boilers.. . 

McMaster, J. B. Bridge and Tunnel Centres.. i6mo, 

McMechen, F. L. Tests for Ores, Minerals and Metals . . .iimo, 

McNair, Jas. B. Citrus By-Products . , . {In 

Meade, A, Modern Gas Works Practice 8vo, 

Melick, C. W. Dairy Laboratory Guide i2mo, 

•^Mentor.” Self-Instruction for Students in Gas Supply. i2mo. 

Elementary 

Advanced 

Self-Instruction for Students in Gas Engineenng. i2mo. 

Elementary . . 

Advanced 

Mcrivale, J. H. Notes and Formulae for Mining Students . . i2mo, 
Merritt, Wm. H. Field Testing for Gold and Silver ...i6mo, leather, 

Mertens. Tactics and Technique of River Crossings 8vo, 

Mierzinski, S Waterproofing of Fabrics 8vo, 

Miessner, B. F. Radio D3riiamics izmo, 

Miller, G. A. Determinants i6mo, 

Miller, W. J. Introduction to Historical Geology izmo, 

Milroy, M. E. W. Home Lace-making . X2mo, 

Mills, C, N, Elementary Mechanics for Engineers 8vo, 

Mitchell, C. A. Mineral and Aerated Waters. 8vo, 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 
Industries ...8vo, 

Mitchell, C. F., and G. A. Building Construction and Drawing. i2mo. 

Elementary Course 

Advanced Course 

Monckton, C. C. F. Radiotelegraphy 8vo, 

Monteverde, R. D. Vest Pocket Glossary of EngUsh-Spanish, Spanlsh- 

English Technical Terms 64mo, leather, 

Montgomery, J. H. Electric Wiring Specifications ifimo, 


1 50 
*2 50 

0 75 

CO 

*8 50 
25 

2 50 
2 50 

2 00 
2 00 

1 00 

2 00 
2 50 
2 50 

*2 00 

2 25 

*I 00 
00 
*3 00 

3 50 

2 00 

3 00 
2 00 

*i 00 
*1 00 


Moore, £. C. S. New Tables for the Complete Solution 0! Ganguillet and 

Rutter’s Formula 8vo, *6 00 

Moore, Harold. Liquid Fuel for Internal Combustion Enginee . 8vo, 5 00 
Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

Svo, I 75 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs lamo, *1 50 
Morrell, R. S., and Waele, A. E. Rubber, Resins, Paints and Var- 


nishes ... 8vo (/w Press) 

Moses, A. J. The Characters of Crystals 8vo, *2 00 

— - and Parsons, C. L. Elements of Mineralogy 8vo, *3 50 ■ 

Mosf, S. A. Elements of Gas Engine Design ifimo, 0 75 

--The Lay-out of Corliss Valve Gears i6mo, 075 

Mulford, A. C. Boundaries and Landmarks lamo, 00 

Mulford, A. C. Boundaries and Landmarks lamo, i 00 

Munby, A. £. Chemistry and Physics of Building Materials. . 8 to, 2 50 

Murphy, J. G. Practical Mining x6mo, i 00 

Murray, B. M. Chemical Reagents 8vo ( /« Press ) 

Murray, J. A. Soils and Manures 1 . 8vo, a 00, 


Nasmith,}. The Student’s Cotton Spinning 8vo, 450 

— Recent Cotton Mill Construction . lamo, 3 00 
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eave, . ,, and Heilbron, I, M. Identification of Organic Compounds. 

i2rao, 

Neilson, R, M. Aeroplane Patents . . Rvn 

Merz,.F. Searchlights , '.-gvo il<cpr<Hiuuj] 

Newbigin, M. I., and Flett, J. S. James Geikie, the Man and the 
Geologist g 

Newbipng T. Handbook for Gas Engineers and Managers . 8voi 
Kewpll, F. H., and Prayer, C. E. Engineering as a Career i2mo, cloth, 

Nicol, G Ship Construction and Calculations 8vo, 

Nipher, F. E. Theory of Magnetic Measurements .... i2mo ' 
JNisbet, H. Grammar of Textile Design . . . gvo 

Nolan, H. The Telescope i6mo' 

Norie,J. W. Epitome of Navigation (2 Vols ) ' octavo^ 

A Complete Set of Nautical Tables with Explanations of Their 

North, H. B. Laboratory Experiments in General Chemistry lamo,’ 


I 50 
•2 00 


3 50 
7 50 
00 

’*'10 CO 
I 00 
7 50 
o 75 
15 00 

6 50 
00 


O’Connor, H. The Gas Engineer’s Pocketbook i2mo, leather, 4 00 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit i6mo, 0 75 

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, 4 00 

Orrasby, M. T. M. Surveying i2mo, 2 00 

Oudin, M. A. Standard Polyphase Apparatus and Systems. . , .8vo, ’*3 00 


Pakes, W. C. C,, and Nankivell, A. T. The Science of Hygiene . .8vo, *i 75 
Palaz, A. Industrial Photometry . gvo, 4 00 

Palmer, A. R. Electrical Experiments lamo, o 75 

Magnetic Measurements and Experiments lamo, 0 75 

Pamely, C. Colliery Manager’s Handbook 8vo, *10 00 

Parker, P. A- M. The Control of Water 8vo, 6 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments 8vo, *3 50 

Parry, E. J Chemistry of Essential Oils and Artificial Perfumes 

Vol. I. Monographs on Essential Oils 9 00 

Vol. II. Constituents of Essential Oils, Analysis 7 00 

. Foods and Drugs Two Volumes 

Vol. I. The Analysis of Food and Drugs 8vo, 9 50 

Vol. II. The Sale of Food and Drugs Acts 8vo, 3 50 

and Coste, J. H Chemistry of Pigments 8vo, ‘•'5 00 

Parry, L. Notes on Alloys . 8vo, "3 50 

Metalliferous Wastes 8vo, ’"2 50 

Analysis of A.shes and Alloys . 8vo, ’'2 50 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, '*‘3 50 

’Parshall, H. F., and Hobart, H M. Electric Railway Engineering 4to, 7 50 
Parsons, J. L. Land Drainage .. . 8vo, '•'i 50 

Parsons, S. J. Mal'eab’e Cast Iron 8vo (Repnntuuj) 

Partington, J. R. Higher Mathematics for Chemical Students i2mo, 2 50 

Textbook of Thermodynamics . . 8vo, *4 00 

The Alkali Industry ... . . 8vo, 300 

Patchell, W. H. Electric Power in Mines 8 vo, *4 00 

Prer<?''n, G W L Wir-rg: Ca’cu’ations . .. i2mo, *2 50 

Eler'tri'' M "e Irictallations lamo, ’*'1 50 

PatteroT^, D The Color Printing of Carpet Yarns 8vo, *3 50 

Polor Mrt-hir." Text-'e*; . . Rvo, *3 50 

. — Textile Color M xing 8vo, *3 50 
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Paulding, C. P. Condensation of Steam in Covered and Bare Pipes 8vo, *2 00 

Transmission of Heat through Cold-storage Insulation i2mo, *i 00 

Payne, D. W. Iron Founders’ Manual 8vo,^ 4 00 

Peddie, R. A. Engineering and Metallurgical Books i2mo, *i 50 

Peirce, B. System of Analytic Mechanics .... 4to, 10 00 

Linear Associative Algebra . . . , 4to, 2 50 

Perkin, F. M., and Jaggers, E. M. Elementary Chemistry. . ,i2mo, , i 00 

Pernn, J. Atoms 8vo, *2 50 

Perrine, F. A. C. Conductors for Electrical Distribution . . 8vo, *3 50 

Petit, G. White Lead and Zinc White Paints 8vo, +2 00 

Petit, R. How to Build an Aeroplane 8vo, i 50 

Pettit, Lieut. J. S. Graphic Processes i6mo, 0 75 

Philbrick, P. H. Beams and Girders i6mo, 

Phin, J. Seven Follies of Science i2mo, 50 

Pickworth, C. N. Logarithms for Beginners lamo, boards, x 00 

The Slide Rule lamo, i 50 

Pilcher, R. B. The Profession of Chemistry . ..lamo (In l*ress) 

Pilcher, R. B., and Butler-Jones, F. What Industry Owes to Chemical 

Science lamo, x 50 

Plattner’s Manual of Blow-pipe Analysis. Eighth Edition, revised . 8vt, 4 00 

Plympton, G. W. The Aneroid BarometOr i6mo, 0 75 

How to Become an Engineer i6mo, 0 75 

Van Nostrand’s Table Book i6mo, 0 75 

Pochet, M. L. Steam Injectors i6mo, 0 75 

Pocket Logarithms to Four Places i6mo, 0 75 

i6mo, leather, x 

Polleyn, F. Dressings and Finishings for Textile Fabrics. . 8vo, ^3 

Pope, F. G. Organic Chemistry lamo, 2 

Pope, F. L. Modem Practice of the Electric Telegraph 8vo, i 

Popplewell, W. C. Prevention of Smoke 8vo, *3 

Stren{^ of Materials 8vo, *2 

Porritt, B. D. The Chemistry of Rubber lamo, x 

Porter, J. R. Helicopter Flying Machine xamo, i 

Potts, H. E. Chemistry of the Rubber Industry 8vo, a 

Practical Compounding of Oils, Tallows and Grease 8vo, 

Pratt, A, E. The Iron Industry 8vo (fft Press,) 

'The Steel Industry 8vo (/« Press ) 

Pratt, Jas. A. Elementary Machine Shop Practice (In Press) 

Pratt, K. Boiler Draught x amo, *i 

Prelini, C. Barth and Rock Excavation Svo, 

Graphical Determination of Earth Slopes Svo, *2 

Tunneling. New Edition Svo, *3 

Dredging. A Practical Treatise Svo, *3 

Prescott, A. B., and Johnson, 0 . C. Qualitative Chemical Analysis 8vo, 4 

Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry, 

Prideaux, E. B. R. Problems in Physical Chemistry Svo, *2 

The Theory and Use of Indicators ^.8vo, 5 

Prince, G. T. Flow of Water ximo, *2 

Pull, E. Modem Steam Boilers Svo, 5 

Pullen, W. W. F. Application of Graphic Methods to the Design of 

i2mo, *1 *50 

Strsctures lamo, 3 00 

Injectors: Theory, Construction and Working lamo, *2 00 

Indicator Diagrams 8vo, 3 o'^ 

■ Engine Testing 8vo, *5 50 


8 8 8 8 8 §-8 8 8 Si 'S'S 8'5'S 'S '5'S 8 
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f>urday, H. F. P. The Diesel Engine Design 8vo {In Pre^s.) 

Putsch, A. Gas and Coal-dust Firing 8vo, 50 


Rafter, G. W. Mechanics of Ventilation i6mo, 0 75 

Potable Water i6mo, o 75 

Treatment of Septic Sewage , . i6mo, ^075 

and Baker, M. N. Sewage Disposal in the United States ...40, 6 00 

Raikes, H. P. Sewage Disposal Works 8vo, *4 00 

Randau, P. Enamels and Enamelling ... . 8vo, *5 00 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book. . 8 vo, 4 00 

— Civil Engineering . . . 8vo. 7 50 

Machinery and Millwork 8vo, 6 00 

The Steam-engine and Other Prime Movers ... 8vo, 6 00 

Rankine, W. J, M., and Bamber, E. F. A Mechanical Text-book.. . 8vo, 3 50 


Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vo, 3 50 


Rasch, E. Electric Arc Phenomena 8vo, 

Rathbone, R. L. B. Simple Jewellery.. 8vo, 

Rausenberger, F. The Theory of the Recoil Guns 8vo, 

Rautenstrauch, Notes on the Elements of Machine Design. 8vo, boards, 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part I, Machine Drafting 

Part II. Empirical Design Preparalxon.) 

Raymond, E.B. Alternating Current Engineering .. . . i2mo, 

Rayner, H. Silk Throwing and Waste Silk Spinning . . .. . .8vo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades, 

Recipes for Flint Glass Making . 

Redfern, J. B., and Savin, J. Bells, Telephones 6mo, 

Redgrove,*^ H. S. Experimental Mensuration lamo, 

Reed, S. Turbines Applied to Marine Propulsion 

• ?!!^Key°t?thrNineteentli Edition of Reed’s Engineers’ Handbook. .8vo, 

Useful Hints to Sea-going Engineers • ; • • • • • • • ' • 

Reid E E. Introduction to Research in Organic Chemistry. {In Press.) 
Reinhardt. C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, 

Reinhardt, C. W. The Technic of Mechanical I>«fting,^^ 

SI 

.. .An ...a Idell F E Triple Expansion Engines . . i6mo, 



Rhead, G. W. British Pottery Marks 

K T M.. sndlohntn,' wT A Kew Method of Obtaining the Mer- 
cntial of Functions 


2 00 
2 50 
*5 00 
*1 50 


1 50 

*2 50 


*5 00 

00 

0 75 

1 50 
♦5 00 
*9 00 

4 00 
3 00 


z 00 

*i 00 
2 50 
2 50 
♦5 00 

4 00 


0 75 
*1 25 

3 50 
5 00 


0 50 
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Richards, W. A. Forging of Iron and Steel lamo, 2 00 

Richards, W. A., and North, H. B. Manual of Cement Testing. . . lamo, 50 

Richardson, J. The Modern Steam Engine . . 8vo, *3 50 

Richardson, S. S. Magnetism and Electricity i2mo, *200 

Rideal, E. K. Industrial Electrometallurgy 8vo,i 3 00 

- — -The Rare Earths and Metals 8vo (In Press.) 

Rideal, S. Glue and Glue Testing 8vo, ^5 00 

The Carbohydrates 8vo {In Press.) 

Riesenberg, F. The Men on Deck lamo, 3 oq 

Standard Seamanship for the Merchant Marine. lamo {In Press.) 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps 8vo, *175 

Rings, F. Reinforced Concrete in Theory and Practice lamo, *4 5c 

Reinforced Concrete Bridges 4to, *5 00 

Ripper, W. Course of Instruction in Machine Drawing folio, ’*‘6 00 

Roberts, F. C. Figure of the Earth i6mo, o 75 

Roberts, J., Jr. Laboratory Work in Electrical Engineering . 8vo, *2 00 

Robertson, L. S. Water-tube Boilers 8vo, 2 00 

Robinson, J. B. Architectural Composition 8vo, *2 50 

Robinson, S, W. Practical Treatise on the Teeth of Wheels. . idmo, o 75 

Railroad Economics i6mo, o 75 

Wrought Iron Bridge Members i6mo, o 75 

Robson, J. H. Machine Drawing and Sketching 8vo, *2 00 

Roebling, J. A. Long and Short Span Railway Bridges folio, 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry... . 8vo, 2 00 

• Elements of Industrial Chemistry lamo, *3 00 

Manual of Industrial Chemistry 8vo, *$ 00 

Rogers, F. Magnetism of Iron Vessels i6mo, o 75 

Rohland, P. Colloidal and Crystalloidal State of Matter . lamo, 

(Rep) innnn ) 

Rollinson, C. Alphabets Oblong, lamo, *i oa 

Rose, J. The Pattern-makers* Assistant 8vo, 2 50 

* Key to Engines and Engine-running lamo, 250- 

Rose, T. K. The Precious Metals 8vo, 2 50 

Kosenhain, W. Glass Manufacture 8vo, 5 00 

Physical Metallurgy, An Introduction to 8vo, 4 00 

Roth, W. A. Physical Chemistry .... . . 8vo, *2 00 

Rowan, F. J. Practical Physics of the Modem Steam-boiler 8vo, *3 00 

and Idell, F. E. Boiler Incrustation and Corrosion. . i6mo, o 75 

Roxburgh, W. General Foundry Practice . .... 8vo, a 50 

Ruhmer, E. Wireless Telephony .... 8vo, 4 50 

Russell, A. Theory of Electric Cables and Networks ... . 8vo, *3 00 

Rust, A. Practical Tables for Navigators and Aviators 8vo, 3 50 

RutJey, F. Elements of Mineralogy lamo, 1 50 

Sandeman, E. A. Notes on the Manufacture of Earthenware. . lamo, 3 50 

Sanford, P. G. Nitro-eiploslves 8vo, *4 00 

Saunders, C. H. Handbook of Practical Mechanics i6mo, 1 50 

leather, 2 00 

Sayers, H.M. Brakes for Tram Cars 8vo, *i aS 

Schaefer, C. T. Motor Truck Design 8vo, a 50 

Scheele, C. W. Chemical Essays 8vo, *2 50 

Scheithauer, W. Shale Oils and Tars 8vo, U 00 
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Scherer, {R, Casein 8vo, 

Schidrowitz, P. Rubber, Its Production and Industrial Uses 8vo, 

Schindler, K. Iron and Steel Construction Works larao, 

SchmaH,‘C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, half leather, 

and Shack, S. M>. Elements of Plane Geometry lamo, 

Schwarz, E. H. L. Causal Geology 8vo, 

Schmeer, L Flow of Water 8vo, 

Schweizer, V, Distillations of Resins . . ... &vo, 

Scott, A. H. Reinforced Concrete in Practice izmo, 

Scott, W. W. Qualitative Analysis. A Laboratory Manual. New 

Edition . . . 

Standard Methods of Chemical Analysis 8vo, 


Scribner, J. M. Engineers’ and Slechanics’ Companion i6mo, leather, 
Scudder, H. Electrical Conductivity and Ionization Constants of 


Organic Compounds 8vo, 

Seamanship, Lectures on lamo, 

Searle, A. B. Modern Brickmaking 8vo (In Press) 

— -Cement, Concrete and Bricks 8vo, 


Searle, G. M. “Sumners’ Method.” Condensed and Improved. 


izmo, 
1 2 mo, 
i2mo, 


i6mo, 

Seaton, A. E. Manual of Marine Engineering 8vo, 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi- 
neering i6mo, leather, 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 
Gutta Percha . . • 

Seidell, A, Solubilities of Inorganic and Organic Substances 8vo, 

Sellew, W. H. Steel Rails 4to, 

Railway Maintenance Engineering 

Senter, G. Outlines of Physical Chemistry 

Text-book of Inorganic Chemistry , 

Sever, G. F. Electric Engineering Experiments. . .8vo, boards. 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Elec- 
trical Engineering , 

Sewall, C. H. Wireless Telegraphy ovo, 

Lessons in Telegraphy Vd’: : \ 

Sexton A H Fuel and Refractory Materials , izmo (Repriniinp ) 
Chem'istry of the Materials of Engineering . . lamo, 

H!anfprimrU, J. S. G. The Metallurgy of Iron andStedj 

Seymour, A. Modern Printing Inks 

Sha.w, Henry S. H. Mechanical Integrators i«no, 

Qbatir History Of the Staffordshire Potteries .... . •• 8vo, 

• ^llichemisUy of Compounds Used Porcelain Manufacture ^^8vo, 
Shaw, T. Rr Driving of Machine Tools 

Ih^Idin, S„ and Hausmann, E, Dynamo Electric Machinerv.^^^C. 
Traction and Transmission Engineering . ■ ■ isin®. 

rrlS." Ew*..!., 


3 50 
*6 00 
*2 00 

75 
I 25 

♦3 00 

1 50 
5 00 

2 00 

3 00 
*6 00 

I 50 

♦3 00 
a 00 

3 00 

0 75 
10 00 . 

5 00 

6 00 

7 50 
*10 00 

3 00 
»2 50 
♦3 00 
*i 00 

*2 50 
*2 00 
♦i 00 

♦3 00 
3 50 

*6 50 
3 00 
0 75 
2 so 
♦6 00 
*a 00 
S 00 


2 50 

♦1 25 
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Sherriff, F. F. Oil Merchants' Manual and Oil Trade Ready Reckoner, 

8vo, 3 50 

Shields, J. £. Notes on Engineering Construction lamo, x 50 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 3 50 

Shunk, W. F. The Field Engineer lamo, fabrikoid, 50 

Silverman, A., and Harvey, A. W. Laboratory Directions and Study 

Questions in Inorganic Chemistry 4to, loose leaf, 2 00 

Simmons, W. H. Fats, Waxes and Essential Oils. .8vo (In Press.) 
Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture, 

8/0, *''4 00 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils 8vo, *3 50 

Simpson, G. The Naval Constructor lamo, fabrikoid, *5 00 

Simpson, W. Foundations 8vo. (In Press.) 


Sinclair, A. Development of the Locomotive Engine. . .8vo, half leather, 5 00 

Sindall, R. W. Manufacture of Paper 8vo (Reprinting.) 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp. ,. 8vo, 

(Reprinting.) 

Wood and Cellulose 8vo (In Press.) 

Sloane, T. O'C. Elementary Electrical Calculations lamo, *300 

Smallwood, J. C. Mechanical Laboratory Methods.. .i2mo, fabrikoid, 3 00 

Smith, C. A. M. Handbook of Testing, MATERIALS 8vo, *2 50 

Smith, C. A. M., and Warren, A. G. New Steam Tables 8vo, 35 

Smith, C. F. Practical Alternating Currents and Testing 8vo, *3 50 

Practical Testing of D3mamo8 and Motors 8vo, *3 00 

Smith, F. E. Handbook of General Instruction for Mechanics . . . xsmo, z 50 
Smith, G. C. Trinitrotoluenes and Mono> and Dinitrotoluenes, Their 

Manufacture and Properties xamo, 2 00 

Smith, H. G. Minerals and the Microscope lamo, a 00 

Smith, J. C. Manufacture of Paint 8vo, 00 

Smith, R. H. Principles of Machine Work lamo, 

— Advanced Machine Work lamo, *3 00 

Smith, W. Chemistry of Hat Manufacturing lamo, *3 50 

Snell, F. D. Calorimetric Analysis lamo (/i; Press.) 

Snow, W. G., and Nolan, T. Ventilation of Buildings i6mo, 0 75, 

Soddy, F. Radioactivity 8vo (Reprinting.) 

Solomon, M. Electric Lamps 8vo, a 00 

Somerscales, A. N. Mechanics for Marine Engineers xamo, a 50 

Mechanical and Marine Engineering Science 8vo, *5 00 

Sothem, J. W. The Marine Steam Turbine 8vo, ♦la 50 

Verbal Notes and Sketches for Marine Engineers 8vo, *12 50 

Marine Engine Indicator Cards 8vo, 4 50 

Sothern, J. W., and Sothern, R. M. Simple Problems in Marine 

Engineering Design lamo, 3 00 

Souster, E. G. W. Design of Factory and Industrial Buildings. . .8vo, 4 00 

Southcombe, J. E. Chemistry of the Oil Industries 8vo, 3 50 

Soxhlet, D. H. Dyeing and Staining Marble 8vo, a 50 

Spangenburg, L, Fatigue of Metals i6mo, 0 75 

Specht, G. J., Hardy, A. S,, McMaster, J. B., and Walling. Topographical 

Surveying i6mo, 0 75 

Spencer, A. S. Design of Steel-Framed Sheds 8vo, *3 5® 

Spiegel, L. Chemical Constitution and Physiological Action ...lamo, i 25 
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Sprague, •£. H. Hydraulics lamo, 200 

Elements of Graphic Statics 8vo, 3 co 

Stability of Masonry nmo, 2 00 

Elementary Mathematics for Engineers i2mo, 2 00 

Stabttity of Arches ... . 2 00 

Strength of Structural Elements i2mo, 2 00 

‘Moving Loads by Influence Lines and Other Methods... i2mo, 2 00 

Stahl, A. W. Transmission of Power i 6 mo, 

Stahl, A! W., and Woods, A. T. Elementary Mechanism — nmo, *2 00 

Standage, H. C. Leatherworkerrf Manual .... Svo, j 5 ° 

Sealing Waxes, Wafers, and Other Adhesives Svo, *2 50 

Agglutinants of All Kinds for All Purposes i2mo, 3 50 

Stanley, H. Practical Applied Physics (In Press) 


Stansbie, J. H. Iron and Steel 8vo, 2 50 

Steadman, F. M. Unit Photography nmo, 2 00 

Stecher, G. E. Cork. Its Origin and Industrial Uses nmo, 1 00 

Steinheil, A., and Voit, .E. Applied Optics* Vols. I. and II. 8vo, 

Each, 5 00 

.Two Volumes 9 00 

Steinman, D. B. Suspension Bridges and Cantilevers. (Science Series 

No. 127.) • “ ■ ■ « ' ■ 

Melan's Steel Arches and Suspension Bridges . Svo, 3 00 

Stevens, A. B. Arithmetric of Pharmacy i 50 

Stevens, E. J. Field Telephones and Telegraphs 1 *0 

Stevens, H. P. Paper Mill Chemist i 6 mo, 4 00 

Stevens. J. S. Theory of Measurements ^ ^5 

Stevenson, J. L. Blast-Furnace Calculations lamo, leather, ^2 50 

Stewart, G. Modern Steam Traps i^mo, 1 75 

Stiles, A. Tables for Field Engineers 

Stodola, A. Steam Turbines J 

Stone E, W. Elements of Radiotelegraphy nmo, tabnkoid, 2 50 

Stone, H. The Timbers of Commerce 4 00 

-H 'is 

SutherUH D. A. The Petroleum Industry Svo U.i 

Svenson, C. L. Handbook on Piping ^ 

HKt^yUpne Prawi^ ^”Tvol a oo 

Swan, K. a^d Sl-C. Electric Currents. 

Swinburne, J.,Wordmgham,C.H., and Man , ^ 

is 

Taylor, F N. Small Water Supplies .... *2 50 

!!!Tic»lation of El“»tre?h”a«irWorltshop companion. 

Templeton, W. FVacticalM ismo, morocco, 

indfa^ublef itf‘Ma"ntfaTre^^ (Re^M 
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Thayer, H. R. Structural Design. 8vo. 

Vol. t. Elements of Structural Design a 50 

Vol. II. Design of Simple Structures 4 50 

Vol. III. Design of Advanced Structures (/n PreparaUon.) 

Foundations and Masonry (In Preparation.} 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, *3 50 

Thom, C., and Jones, W, H. Telegraphic Connections.. . .oblong, lamo, 150 

Thomas, C. W. Paper-makers’ Handbook (In Press.) 

Thomas, J. B. Strength of Ships 8vo, z 50 

Thomas, Roht. G. Applied Calculus lamo, 3 00 

Thompson, A. B. Oil Fields of Russia 4to, 10 00 

Oil Field Development 10 00 

Thompson, S. P. Dynamo Electric Machines i6mo, 0 75 

Thompson, W. P. Handbook of Patent Law of All Countries . . i6mo, i 50 

Thomson, G. Modem Sanitary Engineering . lamo, *3 00 

Thomson, G. S. Milk and Cream Testing lamo, *2 25 

Modem Sanitary Engineering, House Drainage, etc, .8vo, *300 

Thornley, T. Cotton Combing Machines . . 8vo, ^3 50 

Cotton Waste 8vo, ’'3 50 

Cotton Spinning. 8vo. 

First Year 50 

Second Year . *3 50 

Third Year *2 50 

Thurso, J. W. Modem Turbine Practice 8vo, *4 00 

Tidy, C. Meymott. Treatment of Sewage i6mo, 0 75 

iMmans, J. Water Purification and Sewage Disposal 8vo, 2 50 

Tinney, W. H. Gold-mining Machinery . 8vo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry . . . 8vo, *2 00 

Tizard, H. T. Indicators (In Press) 

Toch, M. Chemistry and Technology of Paints . 8vo, 4 50 

Materials for Permanent Painting i2mo, *a 00 

Tod, J., and McGibbon, W. C. Marine Engineers’ Board of Trade 

Examinations . • . 8vo, *2 00 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, 12 00 

Townsend, F. Alternating Current Engineering 8vo, boards, *0 75 

Townsend, J. S. Ionization of Gases by Collision . 8vo, 25 

Transactions of the American Institute of Chemical Engineers, 8vo. 

Vol. I. to XL, 1908-1918 8vo, each, 6 00 

Traverse Tables i6mo, 0 75 

Treiber, E. Foundry Machinery lamo, 2 00 

Trinks, W. Governors and Governing of Prime Movers 8vo, 3 50 

Trinks, W., and Housum, C. Shaft Governors i6mo, 0 

Trowbridge, W. P. Turbine Wheels i6mo, o 75 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 3 50 

Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine i6mo, 0 75 

Turner, H. Worsted Spinners’ Handbook lamo, *3 00 

Turrill, S. M. Elementary Course in Perspective lamo, *i 25 

Twyford, H. B. Purchasing. 8vo, ^3 00 

Storing, Its Economic Aspects and Proper Methods 8vo, 3 50 
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Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 


'“gs • • i2mo, 3 00 

Underwood, N., and Sullivan, T. V. Chemistry and Technology of 

* Printing Inks 8vo, *3 00 

Urquhart, J. W. Electro-plating lamo, 2 00 

Electrotypihg . lamo, a 00 

Usbome, P. O. G. Design of Simple Steel Bridges 8vo, ’^4 00 


Vacher, F. Food Inspector’s Handbook . lamo, 

Van Nostrand’s Chemical Annual. Fourth issue 1918 fabrikoid, lamo, *3 00 
— ^Year Book of Mechanical Engineering Data {In Press) 

Van Wagenen, T. F. Manual of Hydraulic Mining i6mo, i 00 

Vega, Baron Von. Logarithmic Tables 8vo, 2 50 

Vincent, C. Ammonia and its Compounds. Trans, by M. J Salter 8vo, *2 50 

Vincent, C Ammonia and its Compounds . . 8vo, 2 50 

Virgin, R. Z. Coal Mine Management {In Press ) 

Volk, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgievics, G. Chemical Technology of Textile Fibres 8vo, 

Chemistry of Dyestuffs 8vo, {Neiv Edition ui Preparation > 

VoBe, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra i6mo, 0 75 

Vosmaer, A. Ozone 8vo, ^2 50 


Wabner, R. Ventilation in Mines 8vo, 

Wadmore, T. M. Elementary Chemical Theory lamo, 

Wagner, E. Preserving Fruits, Vegetables, and Meat izmo, 

Waener, H. E„ and Edwards, H. W Railway Engineering Estimates 

(/n Press 1 

Wagner, J. B. Seasoning of Wood 8vo, 

Waldram, P. J. Principles of Structural Mechanics izmo, 

Walker, F. pynamo Building i6mo, 

Walker, J. Organic Chemistry for Students of Medicine . . 8vo, 

Walker, S. F. Steam Boilers, Engines and Turbines . 8vo, 

^ Refrigeration, Heating and Ventilation on Shipboard. izrao, 

Electncity in Mining . ... 8vo, 

Electric Winng and Fitting 8vo, 

Wallis-Tayler, A. J. Bearings and Lubrication . 8vo, 

Aerial or Wire Ropeways 8vo (Reprinting) 

• Preservation of Wood • • • 

Refrigeration, Cold Storage and Ice Making 8vo, 

. — Sugar Machinery ^ „ ’ Ar * 

Walsh T T Chemistry and Physics of Mining and Mine Ventilation, 

i2mo, 

Wanklyn„J. A. Water Analysis . , A 

Wansbrough, W. D. The A B C of the Differential Calculus .izmo, 

Slide Valves 

Waring, ]r., G. E. Sanitary Conaitions i6mo, 

! Sewerage and Land Drainage 

Modern Methods of Sewage Disposal is™, 

How to Dram a House 


5 00 
*i 50 

' 2 50 


3 00 

4 00 
0 75 
4 oc 

3 00 
*2 50 

"4 50 

2 50 
♦i 50 

4 00 

5 50 

3 00 

2 50 
2 00 
*2 50 
^2 00 

0 75 
*6 00 

2 00 

1 25 
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Warnea, A. R. Coal Tar Distillation 8vo, oo 

Warren, F. D. Handbook on Reinforced Concrete lamo, *2 50 

Watkins, A. Photography 8vo, 1$ 50 

Watson, E. P. Small Engines and Boilers lamo, ' t 25 

Watt, A. Electro-plating and Electro-refining of Metals ;...8vo, 5 00 

Electro-metallurgy lamo, 1 oo^ 

Paper-Making 8vo, 3 75 

Leather Manufacture 8vo, 6 00 

The Art of Soap Making 8V0, 4*00 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables lamo, I 'oo 

Wegmann, Edward. Conveyance and Distribution of Water for 

Water Supply 8vo, s oa 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, *6 00 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery — 8vo, *3 75 

Wells, M. B. Steel Bridge Designing 8vo, *a 50 

Wells, Robt. Ornamental Confectionery i2mo, 3 oa 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes umo, a 00 

Wheatley, 0. Ornamental Cement Work 8vo, *2 2$. 

Whipple, S. An Elementary and Practical Tredtise on Bridge Building. 

8vo, 3 00 

White, C. H. Methods of Metallurgical Analysis lamo, 2 50 

White, G. F. Qualitative Chemical Analysis lamo, 40 

White, G. T. Toothed Geanng lamo, *2 00 

White, H. J. Oil Tank Steamers nmo, i 50 

Whitelaw, John. Surveying 8vo, 4 50 

Whittaker, C, M. The Application of the Coal Tar Dyestuffs 8vo, 3 00 

Widmer, E. J. Military Balloons 8vo, 3 00 

Wilcox, R. M. Cantilever Bridges i6mo, 0 75 

Wilda, H. Steam Turbines lamo, 2 00 

Cranes and Hoists.. lamo, 200- 

Wilkinson, H. D. Submarine Cable Laying and Repairing 8vo, 

{Reprinting ) 

Williamson, J. Surveying 8vo, *3 00 

Williamson, R, S. Practical Tables in Meteorology and Hypsoraetry, 

4to, 2 50 

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Calculations. 

i2mo, '’‘i 25. 

Wilson, J. F, Essentials of Electrical Engineering 8vo, 2 50 

Wimperis, H. E. Internal Combustion Engine . 8vo, “^3 00 

Application of Power to Road Transport i2mo, *i 50 

Primer of Internal Combustion Engine lamo, i 50 

Winchell, N. H., and A. N. Elements of Optical Mineralogy 8vo, *3 50 

Winslow, A. Stadia Surveying . . i6mo, 0 75 

Wisser, Lieut. J. P. Explosive Materials i6mo, 

Modern Gun Cotton — i6ftio, 0 75 

Wolff, C. E. Modern Locomotive Practice 8vo, *4 20 

Wood, De V. Luminiferous Aether. i6mo, o 75 

Wood, J. K. Chemistry of Dyeing ismo, i 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes . .8vo, ’*‘10 00 

Technology of Cellulose Esters. In 10 volumes. 8vo. 

Vol. VIII. Cellulose Acetate *5 00 
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Wren, H. OrganomeUllie Compounds of Zinc and Magnesium. .1 amt, 1 00 

Wrigjit, A. C. Analysis of Oils and Allied Substances 8vo, *3 50 

Wright, A. C. Simple Method for Testing Painters* Materials 8vs, a 50 

Wright, F. W. Design of a Condensing Plant.. lamo {Rcpnntmg.) 

Wright, H. E. Handy Book for Brewers 8vo, *6 00 

Wright, J. Testing, Fault Finding, etc., for Wiiemen i6mo, 0 50 

Wright, T. W. Elements of Mechanics . . 8vo, ”‘2 50 

Wright, T. W., and Hayford, J. F, Adjustment of Observations . 8vo, ’^3 00 
Wynne, W. E., and Sparagen, W. Handbook of Engineering Mathe 

matics 12 mo, 2 00 


Yoder, J. H., and Wharen, G. B. Locomotive Valves and Valve Gears, 


8vo, '‘‘3 00 

Young, J. E. Electrical Testing for Telegraph Engineers 8vo, *4 00 

Young, R, B. The Banket ... ,• • • 3 5 ° 

Youngson. Slide Valve and Valve Gears . . 8vo, 3 00 

Zahner, R. Transmission of Power . . ibmo, 

Zeuner, A. Technical Thermodynamics. Two Volumes 8vo, 8 00 

Zimmer, G. F. Mechanical Handling and Storing of Materials 4to, 15 00 

Mechanical Handling of Material and Its National Importance 

During and After the War 4to, 4 00 

Zipser, J. Textile Raw Materials 8vo, 5 00 


Zur Nedden, F. Engineenng Workshop Machines and Processes .8vo, 2 00 
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